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Chapter 1 Introduction 


1.1 Before You Begin 


This manual helps process engineers implement Fuzzy Control solutions using the PC element 
FUZZYCON. 


This book is not intended to be the sole source of instruction for all software involved. Those 
people involved in system engineering should attend the applicable system engineering courses 
offered by ABB Industrial Systems AB. 


The book is not an educational document for Fuzzy Control. In short, Fuzzy Control 


° Is considered an easy and low cost method for achieving a relatively advanced control 
strategy. 


° Is considered an easy method for creating non-linear control. 


° Can provide multiple input and output control with, in some cases, minimal engineering 
complexity. 


° Uses the knowledge that operators and process engineers have, in an ‘intuitive’ and natural 
way. 


Many notations are used when describing Fuzzy Control because Fuzzy Control comprises 
several operators and functions. Unfortunately, those notations have not been unambiguously 
defined in literature, and, as a result, understanding how notations are being used has become 
difficult. Fuzzy Control is, however, becoming Part 7 of the standard IEC 1131, and Part 7 
defines all notations that are necessary to use. Throughout this document the notations of Part 7 
will be used. For a complete reference to that document, see Section 1.5, Related 
Documentation. 


1.2 Equipment Requirements 


3BSE 012 693R0001 


The function FUZZYCON requires a controller from the Advant Controller 400 Series with the 
software option module QCO7-FUZ41 installed. The engineering work requires an engineering 
station from the Advant Station 100 Series Engineering Station. 
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1.3 How to Use This Book 


This book is organized into chapters and sections as shown in Figure 1-1. 


Chapter 
Configuration/ Runtime | | 
Introduction Installation Pulling. Operation Maintenance | | Appendices Index 
Before You General Considerations Operating Error PC Element 
Begin Overview Messages 
Option Module Tutorial AFPL Description 
Equipment _ Installation — Operating 
Requirements Sener Instructions AFPL Compiler 
Type Circuit pOGeOuIcS 
How to Use Runtime Work Space 
This Book Installation Operation Allocation 
; M 
Conventions Voce — : FUZZYCON 
Related eeeHen Customizing 
Documentation Type Circuit 
Release FUZS1 
History Type Circuit 
Terminology FUZM1 
Product 
Overview 


User Interface 
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The following sections of this manual are most important: 


Figure 1-1. Organization of Manual 


Section 3.1, Considerations. Contains information and facts to consider when designing 
controller solutions using Fuzzy Control. 


Section 3.3, Application Procedures. Contains practical information about how to create 


and realize the control application. 


Appendix B, ABB Fuzzy Programming Language. Contains detailed information about 
the AFP Language capabilities and limitations. 
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1.4 Conventions 


The following conventions are used throughout this manual for the presentation of material: 


° Proper names of screen elements (for example, the title in the title bar of a window, the 
label for a field of a dialog box) are initially capitalized. 


° The names of keyboard keys are boldfaced. 


— An initial capital letter is used for the name of a keyboard key if it is labeled on the 
keyboard. For example, the Return key or <Return>. 


— Lowercase letters are used for the name of a keyboard key that is not labeled on the 
keyboard. For example, the space bar, comma key, etc. 


— In descriptions, the word “key” is used in conjunction with its name. For example, 
pressing the Return key initiates the process. 


— In tables and procedures, angle brackets replace the word “key.” For example, press 
<Return>. 


— A dash is used to indicate that you must simultaneously press several keys. For 
example, <Ctrl-C> indicates that you must hold down the Control key while 
pressing the C key. 


— The phrase “press and release” is used to indicate that you sequentially press several 
keys. For example, to close a window, press and release <Alt>, and then <F4>. This 
indicates that you press and release the Alt key, and then you press and release the F4 
function key. 


° The names of push and toggle buttons are boldfaced. 


— Initial capital letters are used for the names of push or toggle buttons labeled on the 
display. For example, the OK button. 


—  Indescriptions, tables and procedures, the word “button” is used in conjunction with 
its name. For example, pressing the OK button initiates the process. 


° The names of menus and menu items are boldfaced. 


— Initial capital letters are used for the names of menus listed in the menu bar. For 
example, the File menu. 


— Initial capital letters are used for the names of menu items. For example, to open a 
new window, choose New from the File menu. 


° System prompts/messages are shown in the Courier font, and user responses/input are in 
the boldfaced Courier font. For example, if you enter a value out of range, the following 
message is displayed: 


Entered value is not valid. The value must be 0-30. 


In a tutorial, you may be told to enter the string TIC132 in a field. The string is shown as 
follows in the procedure: 


TIC132 
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1.5 Related Documentation 


Table 1-1 lists documentation related to FUZZYCON. 


Table 1-1. Related Documentation 


Category Title Description 
Hardware Advant Controller 450 Provides information about the Advant 
User’s Guide Controller 450 system, its capabilities and its 
limitations. 
Advant Controller 410 Provides information about the Advant 
User’s Guide Controller 410 system, its capabilities and its 
limitations. 
Station Advant Station 100 Series Engineering Station The primary documentation for Advant Station 100 
User’s Guide Series Engineering Station 
Software AdvaBuild for Windows Application Builder User's | The primary documentation for AdvaBuild for 
Guide Windows 
AdvaBuild On-line Builder Describes all commands used in AS 100ES and 
Reference Manual AS 5000S. Command set and working methods are 
described as well as command file handling aspects 
AdvaCommand User Interface Contains a complete list of available display 
Reference Manual elements 
AMPL Application Building Basic manual on the ABB Master Programming 
Reference Manual Language (AMPL) 
Data Base Elements Reference information regarding data base 
Advant Controller 400 Series elements, especially AAB_ FILE 
Reference Manual 
Functional Units Part 2, Contains reference information regarding the 
Al AO DI DO functional unit AOC 
User’s Guide 
Functional Units Part 5, Contains reference information regarding general 
GENCON GENBIN GENUSD functional units, especially GENCON 
User’s Guide 
PC Elements Reference information regarding PC elements 
Advant Controller 400 Series 
Reference Manual 
Other IEC 1131-3 International Standard, Programmable controllers - 
Part 3: Programming languages 
65B/303/CDV IEC 61131 - Programmable Controllers, Part 7 - 
Fuzzy Control Programming, Committee Draft for 
Voting CDV 1 
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Section 1.6 Release History 


Table 1-2 lists the development of Fuzzy Control with FUZZYCON. 


Table 1-2. Release History 


Version 


Description 


1.0 This is the initial Fuzzy Control with FUZZYCON release. 


1.7 Terminology 


The following is a list of terms associated with FUZZYCON that you should be familiar with. 


Term 


ABB Fuzzy 
Programming Language 
(AFPL) 


AC 410 
AC 450 


Advant Controller 400 
Series 


Advant Station 100 
Series Engineering 
Station 


AMPL 
AS 100ES 


AS 5000S 


Auxiliary Variable 


Control Algorithm 


Controlled Variable 


Fuzzy Control (FC) 
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Description 


A programming language that defines the control 
algorithm of FUZZYCON, see Appendix B, ABB Fuzzy 
Programming Language. 


Short notation used for Advant Controller 410 
Short notation used for Advant Controller 450 


The term is used for Advant Controller 410 and Advant 
Controller 450. Short notation is AC 400. 


The term is used for Advant Station 120 Engineering 
Station (AS 120ES), Advant Station 125 Engineering 
Station (AS 125ES) and Advant Station 130 Engineering 
Station (AS 130ES). Short notation is AS 100ES. 


ABB Master Programming Language 


Short notation used for Advant Station 100 Series 
Engineering Station 


Short notation used for Advant Station 500 Series 
Operating Station 


Within FUZZYCON, auxiliary variable is a solitary 
measured value with no attached status information. 


The algorithm that the controller applies in automatic 
modes is denoted control algorithm. 


Within FUZZYCON, controlled variable is a uniting 
conception for measured value, control mode and other 
conditions related to a controlled variable of the process. 


A type of control in which the control algorithm is based on 
Fuzzy Logic. FC is a branch of multi-valued Control. 
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Term 


Fuzzy Logic 


Fuzzy Target Code (FTC) 


Interpreter 


Measured Value 
MIMO 


Output Variable 


Process Variable 


Reference Value 


Set point 


SISO 


ST (Structured Text 
language) 


Working Set Point 
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Description 


Collection of mathematical theories based on the notion of 
Fuzzy Sets. 


Control algorithm interpreted by the PC element. FTC is 
generated by a compiler in an Advant Station 100 Series 
Engineering Station, and is then downloaded to Advant 
Controller 450. FTC composes not only the algorithm but 
also, e.g., source code. 


The component of the PC element that executes the 
control algorithm. 


The term measured value is used for the process output. 


Multi Input Multi Output, i.e., a process or control loop that 
makes use of several input and output variables. 


Within FUZZYCON, output variable is a uniting concept 
for output value, control mode and other conditions related 
to a variable that is output of the controller and influences 
the process to be controlled. 


The term process variable refers to a variable of the 
controlled process. 


See set point. 


The goal of the control is to keep the measured value 
close to the set point (the desired value, the reference 
value), in spite of disturbances and varying set point 
values. The “working set point” is the present value 
actually in use. 


Single Input Single Output, i.e., a process or control loop 
that makes use of one controlled input and one output 
variable. 


IEC standard high level textual language for programming 
PLCs. (AFPL contains a subset of ST.) 


Depending on controller modes, different set points can be 
applied. The active one is denoted working set point. 
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Figure 1-2 clarifies the use of some terms. 


Auxiliary values 


FUZZYCON 


B Auxiliary 
Auxiliary values 
variables = 


Process 


Set points, manual values, 
mode orders, limits, 
etc. 


Controlled Output 
variable variable 


Measured values 


Alarms, 
indications, 
etc. 


Figure 1-2. Principles of Multi-variable Control and Use of Terms 
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1.8 Product Overview 


1.8.1 Control Algorithm 


PC element FUZZYCON 


© 


Scheduling >| Hw| sample time 


Control algorithm 


Input auxiliary variables 


B input auxiliary variables 


Output 
output auxiliary variables B auxiliary 
working set point variables 
Controlled variables +| Processing He» filtered measured value 
filtered deviation 
incremental algorithm : : 
control value | Processing | Output variables 


Figure 1-3. Overview of Interface between Control Algorithm and PC Element 


The PC element FUZZYCON makes it possible to control multi-variable processes with Fuzzy 
Control. The principles of multi-variable control are shown in Figure 1-2. The PC element 
composes an interpreter that executes a user-defined control algorithm. This algorithm is 
normally based on Fuzzy Control, but simple algorithms based on standard arithmetic are also 
supported. All runtime data to/from the algorithm passes through the PC element. 


Figure 1-3 shows an overview of the interface between the PC element FUZZYCON and the 
control algorithm. This interface is designed to make them work together as an effective 
controller. The input auxiliary variables are forwarded directly to the control algorithm, and 
output auxiliary variables are copied to output terminals of the PC element. For controlled 
variables, the processing block provides working set point, filtered measured value and filtered 
deviation. The latter two are filtered because the scheduling function can invoke the control 
algorithm at a lower cycle rate than that at which the values are sampled. The deviation is 
derived as filtered measured value minus working set point. Also the sample time, i.e., the time 
between two interpretations, is delivered to the control algorithm. For output variables, the 
processing block denotes the application of level and speed limits. If the output of the control 
algorithm is incremental and integration is desirable, this is offered by the processing block. 


FUZZYCON can handle 1280 input auxiliary variables, 1280 output auxiliary variables, three 
controlled variables and three output variables. 
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The control algorithm is defined in AFPL, a high level textual programming language. AFPL is 
intended to comply with available standards. At the time of writing and development, the 
emerging standard IEC 1131-7 for Fuzzy Control was a committee draft for voting. AFPL 
complies to IEC 1131-7 in its present version. AFPL also comprises a subset of “Structured 
Text” of IEC 1131-3, mainly “Function Block” with standard arithmetic. An AFPL application 
is portable to other platforms that comply to those standards. The opposite, however, may not be 
possible since AFPL supports only a subset of the whole “Structured Text” of IEC 1131-3. The 
control algorithm is defined and compiled in Advant Station 100 Series Engineering Station and 
downloaded to the data base of Advant Controller 400 Series. 


The sample times between two control algorithm interpretations is user-specified and may be a 
factor of the sample times for the execution of the PC element. This is powerful since the 
control algorithm should be related to process dynamics, whereas the control of the PC element 
might take place in a much faster time frame. The filters for measured values take this into 
consideration and, in principle, they output the arithmetic mean between two interpretations. 
These filters, however, are constantly (recursively) updated, even in between scheduled 
interpretations. This makes it possible to interpret the control algorithm at certain events, e.g., 
mode shifts and change of set points. 


1.8.2 Controlled Variables 


For controlled variables FUZZYCON provides: 
° Two pairs of high and low alarms for the measured value. 


° Alarm for the deviation, i.e., the filtered measured value minus working set point. There is 
only one alarm indication for deviation, but the limits are specified individually for high 
and low. 


° Four modes, i.e., AUTO, El (external reference 1), E2 (external reference 2), and BAL 
(balance). AUTO, El and E2 make FUZZYCON select between three possible set points. 
The selected one is denoted as working set point, and this set point is limited by specified 
limits. There are high and low indications when the working set point is limited. Mode 
BAL is intended for exceptional situations, e.g., error on analog input channel. When BAL 
is selected, the influence of this controlled variable upon the control algorithm is 
minimized. 


° Output of working set point and the filtered versions of measured value and deviation. 


FUZZYCON can handle three controlled variables. 


1.8.3 Output Variables 
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For output variables, FUZZYCON provides: 
° The output value signal. 


° High and low limits for the output value. There are high and low indications when the 
output value is limited. The limits can be disabled individually 


° Speed limit for the output value, applied in AUTO and E3 mode. There is an indication 
when the speed of the output value is limited. 


° Three modes, AUTO (automatic), MAN (manuel) and E3 (external reference 3). In AUTO 
mode, the output value is derived from the control algorithm. In MAN mode, the output 
value is derived from input terminals on the PC element. 
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The mode for each output variable is controlled individually, provided that the PC element has 
access to a control algorithm and is ordered to interpret it. Otherwise all output variables are 
forced to MAN mode. 


FUZZYCON can handle three output variables. 


1.9 User Interface 


This section describes the recommended operator interface. The first subsection deals with 
pieces of the complete function, for example, operator interaction on controlled variables. The 
last section, Section 1.9.5, Operator Interface for Control Loop, sums up the content of the 
previous sections and presents a design of a complete MIMO controller interface. 


1.9.1 Controlled Variables 


GENCON1 Description Section 2 Class 10 ALARM LIMITS 
MV PB gjH2 90 
PB MHi 80 
"ig tH oll ees 
jr . , . ie L 
a DEV B Mj Outof range 
4 p : : L a LIMITATIONS 
SP HH 70 
J ; : . L L mL 22 
0.0 ‘FA Ve | 
0 {| 0 OUT mH 100 
T T T BL 0 
t-4 t-3 t-2 t-1 t 
@ Bal MV 57.6 |M/MIN 
= va es 0.0 SP 27.0 |M/MIN 
uto 25.0 9 
mg E1 our 0.0 |% 
mw E2 


Figure 1-4. Object Display of GENCON applied for Controlled Variable 
The functional unit GENCON is used for the operator control of controlled variables. Figure 1-4 


shows the object display, but GENCON offers several other pre-defined display elements. 
There should be one GENCON for each controlled variable. 
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The operator support offers features to: 


Choose between the modes AUTO, E1 or E2 in case BAL is disabled. BAL is ordered by 
the PC program and only indicated as active in the display. In AUTO mode, FUZZYCON 
selects the operator-specified set point (which is shown close to the AUTO mode 
indication) as working set point. Actual mode is indicated with a flag 


Modify the alarm limits for measured value. 


View the measured value and working set point as textual values, represented as bar 
graphs and plotted in trim curves. 


View the alarm limits for measured value as textual values and graphically in the bar 
graph. The set point limits are shown similarly. 


Receive and acknowledge alarms for 

— Measured value greater than high limits or less than low limits 

— Deviation outside limit high or low 

— Error on analog input channel 

Receive indication when 

— Measured value exceeds the high limits or becomes less than the low limits 


— Deviation exceeds the high limit or becomes less than the low limit. Both occasions 
are indicated with the same flag 


— Working set point is limited by the high limit or the low limit 


Normally the functions of GENCON intended for interaction on output values, e.g., MAN 
mode, are disabled. There is one useful exception to this, however: If the control loop is SISO 
and the range for the output variable is 0 ... 100%, GENCON is not only applicable to but also 
well-suited to this situation. In this case, GENCON offers features to: 


Select mode MAN. 


View the output value as textual value, represented as a bar graph, and plotted in trim 
curve. 


Modify the limits for the output value. 
View the output limits as textual values and graphically in the bar graph. 


Receive indication when output value is limited by its limits. 


Please refer to Functional Units Part 5, GENCON GENBIN GENUSD User’s Guide and 
AdvaCommand User Interface Reference Manual for details regarding the operator interaction. 
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1.9.2 Output Variables 


DESCRIPTION 


Section 2 


| 100.0 


OUT. 


57.6 


M/MIN 


Class 5 


LIMITATIONS 


OUT HH 70.0 


mL 30.0 


STATUS 


H Signal Error 


PARAMETERS 


Implemented 
Use Tax Aim 
Use Min. Aim 
Output Restart 
Tested 


Figure 1-5. Object Display of AOC applied for Output Variable 


The functional unit AOC is used for the operator control of output variables. Figure 1-5 shows 
the object display, but AOC offers several other pre-defined display elements. There should be 
one AOC for each output variable. There is, however, a special SISO control case in which 


GENCON can improve the operator support. See this case described in Section 1.9.1, 
Controlled Variables. 


The operator support offers features to: 


Choose between modes AUTO and MAN. In mode AUTO, FUZZYCON applies the 
output derived from the control algorithm, whereas in mode MAN, the operator specified 
value is applied. Actual mode is indicated with a flag. 


Please refer to Functional Units Part 2, AI AO DI DO, User’s Guide and AdvaCommand User 


Modify the limits for output value. 


View the output value as textual value, represented as a bar graph and plotted in trim curve 


View the limits for output value as textual values and graphically in the bar graph. 


Receive and acknowledge alarms for signal error. 


Receive indication when output value exceeds the high limit or becomes less than the low 


limit. 


Enable and disable the output limits individually. 


Interface Reference Manual for details regarding the operator interaction. 
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1.9.3 Auxiliary Variables 


123456] —— uni 


123456 


Figure 1-6. Two DAT Display Elements 


The auxiliary variables have basically no property other than their values. The data base element 
DAT of Advant Controller 400 Series is designed for these kinds of variables, and a DAT value 
can be viewed and manipulated by an operator via predefined display elements. Figure 1-6 
shows two different display elements. 


An operator may need access to auxiliary variables for a wide variety of reasons. It depends 
greatly on the control algorithm, which in turn depends on the control problem. But with a 
combination of static texts that describe the purpose of the values, and display elements, a 
useful operator interface that meets specific desires can be achieved. 


Please refer to AdvaCommand User Interface Reference Manual for details regarding the 
operator interaction. 


1.9.4 Control Loop Status 
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The operator interactions described in previous sections operate on single variables of the 
control loop. Some actions influence, or reflect, however, the behavior of the control loop in a 
global sense. For instance, switching off the interpretation causes all output variables to enter 
MAN mode. 
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It is possible to provide operator authority for global influence using the same method described 
in Section 1.9.3, Auxiliary Variables, i.e., make use of DATs. For some control applications, the 
following orders can be useful to control from operator: 


Enable/disable the control algorithm, i.e., start/stop the interpreter. Stopping interpretation 
is an easy way to set all output variables in manual mode. 


Force update of outputs, which makes FUZZYCON update its outputs immediately. This 
function is particularly useful if the interpreter is scheduled to very slow sample rates, 
because then the time between ordering a modification and the next interpretation might be 
long. For instance, changing the value of an auxiliary variable can force an interpretation, 
in order to output the value from the control algorithm at once. 


Order all output variables to AUTO mode. 


Order all output variables to MAN mode. 


Also the status of the control loop can be displayed using DATs, if desired. The following states 
can be of interest: 


Control algorithm enabled/disabled. 
Control algorithm available/unavailable. 


Control algorithm error (no error). The control algorithm is kept in the data base of Advant 
Controller 400 Series. The area keeping the algorithm cannot be completely protected 
against engineering mistakes. The area can, however, be checked. If there are errors, 
FUZZYCON reports them. 


Controlled variable in BAL mode, which implies that at least one controlled variable is not 
taken into account by the control algorithm. 


All output variables in non-automatic mode, which means that the control algorithm has 
no impact on the output, although it is executed. 


Output variable in output safe position. Logic outside the PC element can force an output 
variable to enter a safe position, normally because an erroneous situation has occurred. 
When this happens, the control algorithm loses authority. 


The states listed above can be presented using DATs as well as be appended to the event list of 
the Advant Station 500 Series Operator Station. 
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1.9.5 Operator Interface for Control Loop 


Fuzzy Controller MIMO 


CONTR. VAR. 1 CONTR. VAR. 2 CONTR. VAR. 3 OUT. VAR.1 OUT. VAR.2 OUT. VAR.3 
MV_SP MV_SP MV_SP 


A A A 
19.0]M/MIN 57.6]M/MIN 74.3|M/MIN 


ORDERS CONTROL ALGORITHM 


CONTROL ALGORITHM ENABLED FILTERPOLE 0.65 
FORCE UPDATING OF OUTPUTS [_] START UP LC] 
ORDER ALL OUTPUT VAR TO AUTO [_] 
ORDER ALL OUTPUT VAR TO MAN [_] 


STATES 
CONTROL ALGORITHM ENABLED 
CONTROL ALGORITHM AVAILABLE 
CONTROL ALGORITHM (NO ERROR) 
CONTR.VAR. IN BAL MODE 
ALL OV’S IN NON-AUTO MODE 
OUTPUT VAR IN OSP 


Figure 1-7. Example of MIMO Control Interface 


Figure 1-7 shows an example of how a useful operator interface for a MIMO control loop of 
FUZZYCON can be designed. This example makes use of three controlled variables and three 
output variables. The display represents an object display for one controller, and it provides a 
collected picture of the complete runtime function. 


To facilitate a quick overview of the controlled variables, the elementary data of each one is 
grouped in a specific area. The area is composed of static text and standard display elements of 
functional unit GENCON. By selecting any of the display elements, the close-up display 
appears and the operator gets access to the dialog for the controlled variable. 
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From this point, the features described in Section 1.9.1, Controlled Variables, are supported. 
The object display in Figure 1-4 can be presented via the dialog, or by pressing a dedicated key 
on the keyboard. If the operator knows what controlled variable to act upon, ordering an object 
request for the specific object is a shortcut. This can be done at any time, regardless of the 
display on the screen. After the request, the close-up display appears and the operator gets 
access to the dialog. 


In addition, the elementary data for the output variables are grouped in specific areas, one for 
each variable. This area is comprised of static text and standard display elements of functional 
unit AOC. The mechanisms to view the close-up display and get access to the dialog are the 
same as for the controlled variables. Via the dialog, the features described in Section 1.9.2, 
Output Variables, are supported, and the object display of Figure 1-5 can be presented. 


The lower left-hand area is dedicated to orders and states that concern the status of the control 
loop, see Section 1.9.4, Control Loop Status. To execute an order, the operator must select the 
proper dynamic area and, via the appearing dialog, modify the value. 


The lower right-hand area is intended for auxiliary variables, see Section 1.9.3, Auxiliary 
Variables. The use of these variables depends a lot on the specific control problem. Their 
meaning must be made clear with static texts that inform the operator of their usage. 
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Chapter 2 Installation 


2.1 General 


Installation procedures are standardized. See the Advant Controller 450 User’s Guide and the 
Advant Controller 410 User’s Guide for descriptions of installation procedures for the Advant 
Controller 450 and Advant Controller 410, respectively. See the Advant Station 100 Series 
Engineering Station User’s Guide and AdvaBuild for Windows Application Builder User’s 
Guide for information about installation procedures for the Advant Station 100 Series 
Engineering Station. 


The installation procedures for FUZZYCON-specific parts are described in this section. 


2.2 Option Module Installation 


Option module installation follows the standard procedures described in the documents 
referenced. 


2.3 Type Circuit Installation 


2.3.1 Installation on Project Level 


2.3.1.1 Installation from Release Disk 


For a project specific installation, do the following: 


° Make sure the working project has been created and defined before installation of type 
circuits. 


° Copy the type circuit source code files named *.TCS from disk to the catalog 
ROOT:/PROJ/own_project!INODES/PR_TC/TCDATA 


2.3.1.2 Installation from Dump Files 
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If the system is restored from dump files, take special care with the AAB_FILE content. There 
is arisk that the control algorithm may be lost. 


If the dump file is of source code type, the AAB_FILE content is omitted. Use the command 
DUMPFILE to save the content of the AAB_FILE instance separately. It is advisable to give 
the dump file the same name as the corresponding AAB_FILE instance name. That makes it 
easy to find the appropriate receiving AAB_FILE instance by looking into the property that 
holds the file name when loading the dump files. 


If the system dump file has been created using the command DUAP, the restoring is 
automatically complete. 
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2.4 Process Display Installation 


The FUZZY CON OS Process Displays are delivered on DAT tape. In order to install the 
displays on the operator station, proceed with the following steps. 


2-2 


Connect a DDS tape drive to the operator station and insert the tape with the FUZZYCON 
OS Process Displays. 


Press the SystemConfig key. Select Station and then open a terminal window by selecting 
Terminal Window. Enter the command 
ed /products/data/customer/OS/display at the prompt. 


Create a new catalog for the FUZZYCON OS Process Displays. Enter the command 
mkdir newname at the prompt. The new catalog should be placed at this location in the 
file three: /products/data/customer/OS/display/newname. 


NOTE 


The new catalog have to be created by a user logged in as “customer user’. Files 
installed in a catalog created by a “root user” can not be edited. (The user is by 
default logged in as a “customer user’.) 


Become “root user” by entering the command su - at the prompt. The password is by 
default vm-gu1ld if it haven’t been changed. Go to the recently created catalog. 


Extract the FUZZYCON OS Process Displays by entering the command 
tar xvf /dev/rmt/0m. 


Exit the terminal window. 


To install the display files, press the SystemConfig key and use the AdvaBuild tool 
Display Installer. 
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3.1 Considerations 
3.1.1 Main Function of the Control Algorithm 


FUNCTION_BLOCK CONTROL_ALGORITHM 


VAR_INPUT 
Input variables —>[{ tSamp: REAL; 


inpl : REAL; 
END_VAR 


VAR 


Local variable —_______ pj» Ss s4_: S4_TYPE; 
END_VAR 


VAR_OUTPUT 
Output variable. ———___j> outpl : REAL := 3.1; 
END_VAR 


“Entry point for interpretation” 
s4(tSamp := tSamp, inpl := inpl); 
Method > outpl := s4.output; 


END_FUNCTION_BLOCK 


Figure 3-1. Object Type Cont rol_Algorithm 


The main function of a control algorithm is defined by the object type 
Control_Algorithm. In AFPL, an object type is defined between the language elements 
“FUNCT ION_BLOCK” and “END_FUNCTION_BLOCK”. An object type comprises input 
variables, output variables, local variables and a method that operates upon those variables. The 
object type can be instantiated in the same way as variables, but in addition, the method of an 
object can be invoked. It is possible to combine several function blocks to build a nice and clear 


application structure. For details about AFPL, see Appendix B, ABB Fuzzy Programming 
Language. 


The compiler automatically instantiates one instance of the object type 
Control_Algorithm in FIC. This instance provides the entry point for the interpreter of 
the PC element, i.e., the interpretation starts in the method of this object. In addition, the type 
also defines the interface between the PC element FUZZYCON and the control algorithm, see 
Section 3.1.2, Interface between FUZZYCON and Control Algorithm. 


The name Cont rol_Algorithmis reserved in AFPL. 
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3.1.2 Interface between FUZZYCON and Control Algorithm 


PC element FUZZYCON 


© 


CA_TSAMP 


tSamp Control algorithm 


INP, IGR 


B|inp, iGr 


outp, OGR OUTP, OGR 


Attributes of 
Controlled Variables 


Processing H™|fMV, wSP, f£Dev 


isIncrement, ; 
controlValue Processing OUT 


Figure 3-2. Principles of Interface between Control Algorithm and PC Element 


The interface between the PC element and the control algorithm is defined by the main function 
of the control algorithm and the call parameters of the PC element. The principles of the 
interface between the PC element and the control algorithm are shown in Figure 3-2. 


The attributes and their intended uses are explained below. n and m denote numbers that are 
given by the engineer and are application dependent. 


Is 


3-2 


tSamp. A real value that specifies the time between two interpretations. Unit is seconds. 
Useful in filters. 


inpnand iGrn[m]. Real values copied from input terminals of the PC element. inps 
hold single real values, but iGrs hold groups (arrays). 


fMVn, wSPn,and fDevn. These three compose the control algorithm’s view of 
Controlled variables. The values are calculated or selected by the PC element. {MV means 
“filtered measured value” and wSP means “working set point”. fDev means “filtered 
deviation”, where deviation is £MV - wSP. 


outpnand oGrn[m]. Real values delivered to output terminals of the PC element. 
outps hold single real values, but oGrs hold groups (arrays). 


isIncrementn and controlValuen. These two compose the output of the control 
algorithm that is intended to influence Output Variables. The values are delivered to the 
PC element which processes them further. 
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The input and output of the PC element are defined by the call parameters C1 ... C8. Their 
meaning is described in Table 3-1. 


Table 3-1. Meaning of Call Parameters 


Call Parameter Controls Value 
C1 Number of auxiliary inputs of type IR. 0..5 
C2 Number of grouped inputs of type IGR. 0.5") 
C3 Size (number elements) of grouped input data. 0... 255 (1) 
C4 Number of controlled variables. 0..3 
C5 Number of auxiliary outputs of type OR. 0..5 
C6 Number of grouped outputs of type OGR. 0..5 ) 
C7 Size (number elements) of grouped output data. 0 .. 255 (2) 
C8 Number of output variables. 0..3 


(1) C2>0 requires that C3 >0 
(2) C6>0 requires that C7 >0 


In the control algorithm, the interface is defined by the object type Cont rol_Algorithm. 
This object type is introduced in Section 3.1.1, Main Function of the Control Algorithm. 
Figure 3-3 shows an example of an interface definition. 
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TYPE 


Input_Group: ARRAY[1. 


50] 


Output_Group: ARRAY[1..2] 


END_TYPE 


OF REA 
OF REA 


FUNCTION_BLOCK Control_Algorithm 


VAR_INPUT 
tSamp: REAL; 
inpl, inp2: REAL; 
iGrl: Input_Group; 


fMV1, wSP1, fDevl: REAL; 
fMV2, wSP2, fDev2: REAL; 


END_VAR 


VAR_OUTPUT 
outpl: REAL; 


i 
m 
Cc 
C 
Cc 
Cc 


+ + + FF F F 


NOOR 


oGrl, oGr2: Output_Group; 


isIncrementl, controlValuel: REAL; 


END_VAR 


(* define groups *) 
L; (* C3 = 50 *) 
Ly (* C7 = 2 *) 


nput *) 
andatory *) 
1=2 *) 
2=1 *) 

4 no 1 *) 

4 no 2 *) 


ann RN 
+ + F 


(* place for other local declarations *) 


(* place for method, 


(* values the results 


and assign the output *) 
* 


outpl := ..; 

oGri[1] := ..; oGrl1[2] aa 
oGr2[1] := ..; oGr2[2] = laces 
isIncrementl := 1; controlValuel 


a 


Figure 3-3. Example of Interface Definition 


Inputs to the control algorithm are declared between the language elements VAR_INPUT and 


data types are defined within TYP 
Control_Algorithm. 


E and 


END_TYP! 


END_VAR. Corresponding elements for outputs are VAR_OUTPUT and END_VAR. The grouped 


E, but the groups are instantiated inside 


The names Input_Group, Output_Group, tSamp, inp1...inp5, iGr1...iGr5, fMV1...f{MV5, 
wSP1...wSP5, fDEV1...fDEV5, outp1...outp5, oGrl...oGr5, isIncrement1...isIncrement5, 
and control Value1...controlValue5 are reserved within the type Control Algorithm. They are 
dedicated to define the interface between FUZZYCON and the Control Algorithm. 


For details about language elements, see Appendix B, ABB Fuzzy Programming Language. 


NOTE 


As part of the method, the outputs shall be assigned proper values. The compiler 


does not check this. 
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The definitions of the interfaces between FUZZYCON and the control algorithm must be 
completely consistent with respect to data types and number of parameters. 


Normally the compiler derives the call parameters from the source code. The result is displayed 
after successful compilation. If the definitions in the source code do not make up a realizable 
interface, a compiler error is displayed. The compiler option c provides an extended checking 
function, since it is possible to specify the call parameters explicitly on the command line for 
the AFPL compiler. If the interface defined in the source code does not match the call 
parameters specified on the command line, a compiler error is displayed. 


During runtime FUZZYCON verifies that the interface definitions, i.e., call parameters of 
PC element and control algorithm, are completely consistent before it accepts the control 
algorithm. 


Another view, as an example, of an interface is shown in Figure 3-4 


FUZZYCON 
(1, 3, C3, 2, 3, 1, C7, 2) 


F mmm mm eee | 
! Control Algorithm in AAB_FILE* 
| | 
Input to I I Output from 
PC element I I PC element 
CA_LTSAMP g tsamp outpl g OUTP1 | 
| INP 1 y inet outp2 g OUTP2 | 
| IGR1 igrl 4 L- outp3 OUTP3 | 
| IGR2 I igr2 _| [— ogrl I OGR1 | 
| i i | 
7 | | 
_ = -- 
| | 
“controlled J fmvi isIncrementl yo (OUT. 
variable 1” I wspl controlValuel 1 
fdevl 
| | 
| | 
“controlled I fmv2 isIncrement2 I OUT2 
variable 2” I wsp2 controlvalue2 I 
I fdev2 | 
| | 
L mmm Ome ee eee a 


Figure 3-4. Example of Interface between Control Algorithm and PC Element 
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3.1.3 Allocation of Work Space within FTC 


The inference mechanism and defuzzification require work space when they operate on 
linguistic variables that are defined by terms that are functions. The size of this work space 
depends on a number of parameters, for example, activation and accumulation methods, number 
of terms, shape of terms, number of rules, defuzzification method, etc. 


By default, the compiler calculates the size of the work space. The algorithms for this, however, 
always take into consideration the worst case, see Section D.2, “Worst Case” Effects, which is 
often irrelevant. As a consequence, too much work space is required and the FTC file becomes 
too big. To solve this problem, it is recommended that the parameters that influence the size of 
the work space be changed. In many cases there are equivalent solutions that generate the same 
numerical results. Changes made in this way do not require any supervising later during 
runtime. 


Another solution is to estimate the size of the work space by hand, see Section D.3, Guide Lines 
for Problem Solving. Compiler option a forces the compiler to allocate the requested size. 
FUZZYCON provides output terminals AMAX_DIM and AMAX_USE, which make it possible to 
check whether the estimation was reasonable or not. AMAX_DIM presents the allocated size, and 
AMAX_USE presents the largest size applied from the first interpretation up to the last 
interpretation. 


FUZZYCON uses only allocated points. If there are too few allocated points, the numerical 
result may be inaccurate. 


3.1.4 Incremental Control Algorithm? 


In principle, there are two different ways that a control algorithm can view input values and, 
based on the inputs, calculate output values. For controllers, the normal is to consider deviations 
in the controlled variables and output increments to the existing values of the output variables. 
This is called the incremental method. The deviations are calculated as measured value minus 
(working) set point. Below, a typical fuzzy rule depicts the principle: 

IF deviation IS high THEN increment IS BIG 


The incremental method has the following advantages: 


° The algorithm is normalized to some degree because the set point value is not explicitly 
part of the algorithm. Instead the algorithm bases its output on the deviation from the set 
point, which makes the algorithm work for any set point, provided that the algorithm is 
tuned. 


° The algorithm does not need to know the exact position of the output as an absolute value. 
Instead it “searches” for this by increments or decrements to existing values. 


° Human reasoning is often similar to this method: “Jn case there is an error on this 
variable, then increase that variable a bit’. 


The other method or type of algorithm is called an absolute algorithm. In an absolute algorithm, 
the absolute values of controlled variables are considered and the output values are absolute, 
that is, not increments. This method is usually applied in decision-like algorithms: 

IF input IS close_to_100 THEN output IS 100. 
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Choosing an incremental or absolute algorithm is controlled from the ZSX source code via the 
variables isIncrement X and controlValuex. They go in pairs, 1.e., isIncrement1 
controls whether cont rolValuel1 is interpreted as an increment or an assignment to output 
terminal OUT1. One of these pairs exists for each output variable. In case incremental behavior 
is ordered (isIncrementX = TRUE), the PC element provides the integration, and the 
functionality implemented for this by the PC element is shown in Figure 4-1. 


3.1.5 Incremental Fuzzy Controller 


In Section 3.1.4, Incremental Control Algorithm? it is described how the engineer controls 
whether the control algorithm shall behave incremental or not. This feature, i.e., supporting two 
kinds of algorithm behaviors, is possible because the PC element provides the integration in 
case the algorithm is incremental. Thus, the output from the PC element at output terminal 
OUTX, is non incremental. 


However, in some cases it is desirable to have a controller output that is incremental, and in 
addition to this makes use of an incremental control algorithm. This is easily achieved by 
“fooling” the PC element to view the control algorithm as non incremental, although it is 
implemented with an incremental algorithm. Just let proper isIncrement be false, which 
makes the PC element switch off its integration part. This is possible to see in Figure 4-1. 


But there is one important impact of this, namely that the output limitations get other meanings 
than their names imply. This means that: 


° The limitations HI_LIM and LO_LIM become speed limits, since they limit the 
increments. 


° The limitation SPEED becomes limitation of the acceleration 


However, this is a matter of how the output is viewed upon. The reasoning above is true if there 
is an integrator after the PC element, and the value considered is the value after that integrator. 
This integrator can be either a part of a process, e.g. a tank, or implemented with logic. 


3.1.6 Runtime Influence of Control Algorithm Behavior 
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Adaption of the control algorithm behavior can be done on-line. This is a powerful feature that 
can be applied in a great number of variations, depending on what type of control problem that 
is to be solved. Principally all parameters defined as variables in the control algorithm can be 
tuned from outside. 


The FUZZYCON terminals INP X can be used to feed the control algorithm variables with 
values from an external source. (If more than 5 terminals are needed, use IGRX terminals). The 
external source can be other PC elements or it can be elements in the data base. Real values are 
copied from the FUZZYCON input terminals to corresponding variables in the control 
algorithm, see Section 3.1.2, Interface between FUZZYCON and Control Algorithm. 


Connection with DAT elements opens the possibility to allow an operator to feed the variables 
new values from a dedicated process display. If the interesting tuned quantities also are 
connected to DAT elements (reached through FUZZYCON terminals OUTPX and OGRX), the 
operator can supervise what reaction the tuning have caused. 
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3.1.7 File Storage 
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Example: 


It is possible to manipulate the linguistic variables membership functions during 
runtime. Connect input terminals to the parameters defining the membership 
function break points. This makes it possible to dynamically assign new values to 
the break points, and by that change the shape of the membership function. 


Advant Station 100 Series Engineering Station offers built-in support that is sensitive to file 
extensions. This support is described in Section 3.3.1, Compiling AFPL Source Code and 
Section 3.3.2, Detachment of Information and Source Code out of FTC. To fully utilize the 
Advant Station 100 Series Engineering Station, source code must have the file extension ZSX 
and FTC must have the file extension ZT. 


Application building in the Advant Station 100 Series Engineering Station is executed in 
projects. Each project handles nodes. In principle, a node corresponds to a target system on the 
control network. For instance, an Advant Controller 450 is regarded as a node. The directory 
structure of AdvaBuild reflects the application building procedure; that is, projects and nodes 
are visible in the structure. Figure 3-5 shows a subpart of the structure. 
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Project root default: Default: 
C:\PROJ C:\PC_LIB 


\project-1 


\project-n 


\NODES 


\node-n 


\USER 


\PC_LIB 


Figure 3-5. A Subpart of the File Structure of AdvaBuild 


A node, in turn, comprises a structure USER. It is recommended that FTC files be stored in 
USER because that facilitates downloading to target systems and makes use of the file structure 
as intended. Also the source code should be stored in USER if the source code is node-specific. 


The AFPL compiler, however, allows for re-use of source code since it can include several 
source code files in one FTC. For instance, a general function (object type) can be defined in 
one file, in one place, and included whenever needed in different applications. The storage place 
should be in C: \PROJ\ [project] \NODES\PC_LIB if a function is general for a project. 
In case it is general for all projects, the storage place should be in C: \PC_LIB. Use script files 
to achieve an efficient and convenient compiling environment which also simplifies 
maintenance, see Section 3.3.1, Compiling AFPL Source Code. 
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3.1.8 Mode BAL 


3.1.9 Mode E3 


Mode BAL (balance) is applicable for controlled variables. In case GENCON is used for the 
operator support, the mode can be shown in e.g. object displays. But it can not be ordered from 
the operator via the dialog. The mode can only be activated from AMPL code. The effect of this 
mode is that the values delivered to the control algorithm, and to some of the output terminals, 
reflects a “perfect” situation. The working set point is assigned the same value as the measured 
value, i.e. the set point is balanced towards the measured value. In turn, the deviation (measured 
value minus working set point) becomes zero. As a consequence the control algorithm regards 
the situation for the controlled variable as perfect, and the effects upon the output values are 
minimized. 


One obvious use for this mode is to handle erroneous situations regarding the measured value of 
a controlled variable, since the best to do in such a case is to minimize the impact upon the 
output values. For Advant Controller 450 and Advant Controller 410 this situation is indicated 
on the analog input channel, at terminal ERR. Connecting this terminal to input terminal BAL on 
FUZZYCON makes the controlled variable enter mode BAL in right situation. The type 
circuits, see Section 3.3.4.1, Type Circuit FUZM1 and Section 3.3.4.2, Type Circuit FUZS1, are 
prepared for this, and expose a dedicated terminal ERR_MVX. In addition to this, type circuit 
FUZMITI has a terminal BAL. Thus, it is possible to enter this mode in two ways, one implying 
an error and one more controlled. 


Mode E3 offers a possibility to connect an externally provided controller output for an output 
variable. Influence from the control algorithm is disconnected. Supervision of limits are still 
performed, see Figure 4-1. 


This feature is only implemented in the FUZZYCON PC element. The delivered standard type 
circuits and operator displays do not offer any support for the E3 mode. The engineer have to 
customize the delivered type circuit internal PC program, or create an own solution starting 
from the FUZZYCON PC element. The terminals to use on the FUZZYCON PC element are 
denoted E3X and EXTREF3X. For detailed information, see Appendix A, PC Element 
FUZZYCON. 


3.1.10 Traditional SISO Compared to MIMO 
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Traditionally for SISO control loops the operation of modes has been applied on the overall 
loop. A PID loop for instance is often controlled from one object display that shows both input 
and output variables in the same display, and the modes influence both variables 
simultaneously. When mode MAN is entered, which is an action that is directed towards the 
output, also the handling of the input changes. The reason for this is that for a SISO loop, the 
mode MAN means more or less to switch off the control algorithm, and when this happens the 
handling of the input can (should) also change. Often the set point starts tracking the measured 
value. 
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But for a MIMO loop the mode MAN for one output variable does not mean that the control 
loop is switched off. Actually it can not be switched off because other output variables may very 
well be in mode AUTO. Hence, at the same time there can be a mix of output variables that are 
in mode AUTO and mode MAN. The operators must be aware of the fact that they can have 
authority over one output variable, and the controller over others, at the same time. 


Thus, there is a difference between the traditional way to control SISO loops and the way 
MIMO loops are controlled. Instead of applying modes upon the controller, the modes are 
applied on controlled variables and output variables individually. Note that the latter approach is 
applicable also for SISO loops, but not the other way around, i.e. the traditional way is not 
applicable for MIMO loops. 


3.2 Tutorial 


This section is a quick hands-on instruction (or flow of work), of how to achieve a fuzzy control 
application. 


1. Think about the control strategy. For instance, select controlled variables and output 
variables, select range for the fuzzy variables, formulate the rules, and so on. 


2. Create a control algorithm, in Advant Station 100 Series Engineering Station, according to 
the AFPL rules. Use the text editor AS100-EDIT. The source code file have to be named 
with the extension “.ZSX”’. 


3. Compile the source code. The compiler is available from AS100-EDIT, if the source code 
file (*.ZS X) is loaded in the active buffer. 


4. Create a PC program containing the environment that supports the control algorithm, i.e., 
the physical interface to the process and all supporting logic. Start out from the PC element 
FUZZYCON, or customize the delivered standard type circuits. Customize the data base 
for connection of operator displays and for AAB_FILE handling. 


CAUTION 


Only one FUZZYCON PC element is allowed for each AAB_FILE. A duplicated 
use of the AAB_FILE will cause incorrect results. 


5. Create the operator interface. It is advisable to start out from the delivered standard 
displays. 


6. Generate source code for the new PC program and install the new display. Get the 
application up and running. 


7. Load the control algorithm target source code file (named with extension ZT) to the 
DB element AAB_FILE. Use the On-Line-Builder tool. 


For more detailed information, please refer to Section 3.3, Application Procedures. 
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3.3 Application Procedures 


3.3.1 Compiling AFPL Source Code 


3.3.1.1 General 


AFPL source code is compiled with services provided by the text editor AS100-EDIT. With the 
editor, it is possible to work with source code. It also invokes the compiler, which is accessible 
only when a file with extension ZSX is stored in the active buffer. 


Note that the compiler acts upon the files stored in the file system, not the files in the AS 100- 
EDIT buffer. The AFPL compiler executes both compilation and linking in one invocation, 1.e., 
the source code modules are compiled and linked into one target code. 


These two steps result in a compilation. 


° Install an AFPL textual language source code file with extension ZSX in the active buffer 
of AS100-EDIT. 


° Select Compile from the File menu. 


Warnings and errors are presented in a special window. In case the engineer “clicks” on a line 
containing a warning or error, AS100-EDIT opens the appropriate file and inserts the cursor at 
the correct line. Notice that this support is not available for all warning and error messages since 
not all of them are detected in the source code. 


There are some practical ways to install a source code file in the AS100-EDIT active buffer. 
° Open the file from the AS100-EDIT File menu. 


° Rename an open file using AS100-EDIT Save As.... Name the file with the extension ZSX 
from the start. 


° Select the file from the Application Builder Extended View dialogs for nodes. The editor 
is started with the file in the active buffer. 


It is assumed that the compiler has been set up according to the following description. 


3.3.1.2 Compiler Setup 


The first decision to make is how to control the compiler; that is, using the compiler options 
directly or using a script file. This section describes how to use compiler options directly. How 
to use script files is described in Section 3.3.1.3, Compile Using Script Files. 


Select Compiler Setup from the File menu, see Figure 3-6. 


The two fields Command Line Options and Input File(s) are active in case 
Use Script File is disabled. 
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Setup Fuzzy Compiler 


File 

New 

Open 
Close 
Save 
Save As... 


Command Line Options: 


Input File(s): (Y%f means current File) 


Compile 


Compiler Setup. : 
\ 


Use Script File 


Print... 


Script File: 


OK 


Figure 3-6. File Menu of ASI00-EDIT Compiler Setup 


The options are described in Section C.2, Compiler Options. The order of source code files is 
important because of the programming language. A source code file that uses one of the other 
files must be placed before that file in the input file list. Figure 3-7 shows an example. The FTC 
file turbine. zt is generated from the three source code files filter.zsx, fuzzy.zsx 
and turbine. zsx. The target is Advant Controller 450. 


The command line defined in Compiler Setup... is stored by AS100-EDIT; that is, when a file 
is opened, the previously defined command line is retained. 


Setup Fuzzy Compiler 


Command Line Options: 


-tAcC450 -oturbine.zt 


Input File(s): (%f means current File) 
filter.zsx fuzzy.zsx turbine.zsx 


Use Script File 


Script File: 


OK 


Figure 3-7. Example of ASI00-EDIT Compiler Setup 
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3.3.1.3 Compile Using Script Files 
Select Compiler Setup from the File menu, see Figure 3-6. 


The two fields, Command Line Options and Input File(s), are inactive if Use Script File 
is enabled. 


Specify a script file. The field Script File becomes active when Use Script File is 
enabled. In this case, the compiler regards the content of a script file as command lines. One line 
in the script file defines the command line for one invocation of the compiler. Note the 
following comments: 


° It is not allowed to use “%f” instead of current input file name in script files. 
° Recursive use of script files is not supported. 


Figure 3-8 shows an example of script file usage. 


Script file “buildTrb.zsc” 


-tAC450 -oturbine.zt filter.zsx fuzzy.zsx turbine.zsx 


Setup Fuzzy Compiler 


Command Line Options: 


Input File(s): (%f means current File) 


x Use Script File 
Script File: | buildTrb.zsc 


OK Cancel 


Figure 3-8. Example of AS100-EDIT Compiler Script File Setup 


Script files make it possible to utilize general source code modules, that is, modules that can be 
used by several control algorithms, for example, filters. In fact, even control algorithms might 
be general on a site, at least if a control algorithm is used by more than one Advant 

Controller 400 Series node. If a general source code module is changed, normally the objective 
is to re-compile all FTC files that utilized the module (depending FTC files). Such general 
modules should be located centrally in the file system, see Section 3.1.7, File Storage, and be 
completed by a script file. This script file can make the compiler re-compile all depending FTC 
files. Note that the engineer must remember to down load the results to appropriate nodes. 
Figure 3-9 depicts the principles of a script file for a general module (common. zsx). 
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-tAC450 -oCA1_450.zt common.zsx CA1.zsx 
-tAC410 -oCA1_410.zt common.zsx CA1.zsx 


-tAC450 -oTR 


B CTRL.zt common.zsx TRB_CTRL.zsx 


Figure 3-9. Principles of a Compiler Script File for General Source Code Modules 


3.3.1.4 Compilation Information 
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After successful compilation, the compiler presents the following information in a window: 


Compiler version. 

List of source code modules that are compiled. 
FTC module that is generated. 

List of source code modules that are attached. 


Summary of compilation session. 


This information is ordinarily presented by compilers. The following additional information is 
also presented: 


Name of FTC file. 

Date, time and file size. 

Version of AFPL compiler and FTC. 

Target platform. 

Password provided? Yes or No. 

Call parameters. 

Allocated number of points for largest accumulated function. 


Complete command line or name of script file. 


Figure 3-10 shows an example of compilation information. 
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AFPL Compiler (16 bit Release- Build:1.0/0) 


Compiling... 
TURB1.2ZSX 
TURB2.2ZSX 
TURB3.2ZSX 


Generating... 
TURBCTL.2T 


ttaching source code... 
URB1.2ZSX 
URB2.2ZSX 
URB3.2ZSX 


HHH Dp 


+++ FTC - Information +++ 
FTC file: TURBCTL.ZT 
Date 970522, Time 17:05:33, Size 22154 bytes 
Versions: AFPL*1.0-0, FTC*1.0-0 
Target platform AC 450 
Password provided? Yes 
Call parameters C1..C8: 10023001 
Allocated points for largest accumulated function: 54 
Complete command line or name of script file: 
-a54 -oTURBCTL.ZT TURB1.ZSX TURB2.2ZSX TURB3.2ZSX 


** 127 line(s) parsed, 0 error(s) ** 


Figure 3-10. Example of Compilation Information 


Use compiler option -] to obtain a copy of the compilation information. 
For further information about compilation flags, see Appendix C, AFPL Compiler. 


The compilation information is stored in binary format in the FTC. This information can be 
detached, see Section 3.3.2, Detachment of Information and Source Code out of FTC. 
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3.3.2 Detachment of Information and Source Code out of FTC 


It is possible to display textual information detached from FTC with AS100-EDIT. This 
function is supported only for files with the extension ZT. Select the file from the Extended 
View dialogs for nodes, and provide the requested password. If no password was used during 
compilation, provide an empty string for the password. 


The detached information is then delivered in the active buffer of AS100-EDIT. It is not saved 
on the file system. The information is composed of: 


° Compilation information. This is the same information provided as additional information 
after successful compilation, see Section 3.3.1.4, Compilation Information. 


° Source code. This is the source code at compile time. Each file begins with a file 
identifying string since there might be several source code files. The string is a copy of the 
file name specified on the command line at compile time. Note that this information is not 
provided if the compiler option —i was specified at compile time. Instead, the following 
text line is displayed as the last line: 

** No source code information. Option -i was used at compile 
time ** 


Figure 3-11 shows an example of detached information, but the contents of the source code files 
are omitted. 


** Detached information ** 


From FTC file: TURBCTL.2T 


FTC file: TURBCTL.2ZT 
Date 970522, Time 17:05:33, Size 22154 bytes 
Versions: AFPL*1.0-0, FTC*1.0-0 
Target platform AC 450 
Password provided? Yes 
Call parameters C1..C8: 10023001 
Allocated points for largest accumulated function: 54 
Complete command line or name of script file: 
-a54 -oTURBCTL.ZT TURB1.ZSX TURB2.ZSX TURB3.2ZSX 


** TURB1.ZSX ** 
[Here is the content of TURB1.ZSX presented] 


** TURB2.ZSX ** 
[Here is the content of TURB2.ZSX presented] 


** TURB3.ZSX ** 
[Here is the content of TURB3.ZSX presented] 


Figure 3-11. Example of Detached Information from FTC 
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3.3.3 Loading and Dumping of FTC 


This service makes it possible to bring the FUZZY target source code file (with extension ZT) 
together with an instance of the standard DB element AAB_FILE. The command LOADF ILE is 
used for loading FTC files from the Advant Station 100 Series Engineering Station to the 
Advant Controller 400 Series. The command DUMPFILE is used for dumping FTC files to the 
Advant Station 100 Series Engineering Station from the Advant Controller 400 Series. These 
commands are available in the Command Set AccuRay board handling, which is found 
during the setup of On-Line Builder. 


Make sure these steps are taken during the On-Line Builder start-up procedure. 
° Selecting 10. More ..inthe menu Commands available: 
° Selecting 2. AccuRay board handlinginthemenuAvailable Activities 


Remember to disable the running control algorithm before starting the LOADFILE action. The 
AAB_FILE instance must not be write-protected when executing LOADFILE, which is the case 
if the FUZZYCON PC element is already executing a control algorithm. 


3.3.4 Installing the Runtime Function 


When designing the layout of the type circuits FUZS 1 and FUZM1, along with corresponding 
process displays, the existence of other available functions, e.g., the functional units GENCON 
and AOC, was taken into account. This section provides guidelines on how to utilize the type 
circuit terminals as intended. In addition, the process displays are described in detail to increase 
understanding of the relationship with GENCON and AOC standard displays. 


Note that, in some situations, the delivered type circuits must be customized before they can be 
integrated in the control application. The following is a list of examples of technical 
circumstances that will cause adjustments to the delivered standard parts, type circuit and 
process displays. 


° The control application needs more than five auxiliary variables, e.g., to achieve efficient 
tuning of the control algorithm. Make use of the grouped variables. 


° The control application needs the alternative mode E3. (See Section 3.1.9, Mode E3 for 
information about the E3 mode.) 


° The control application makes use of a combination of controlled and output variables 
other than 3*3 in the MIMO case. 


° The control application output range differs from the normal 0 ... 100%. 


See Appendix E, Customize Standard FUZZYCON Application for information about how to 
adjust the delivered standard parts. 
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3.3.4.1 Type Circuit FUZM1 


The following section is a description of the “typical FUZM1 type circuit usage,” which refers 
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to a MIMO situation with three controlled and three output variables. 


The operator support for controlled variables is realized with functional unit GENCON, and for 
output variables, it is realized with functional unit AOC. Using those is standard and is part of 
the normal and general installation procedure of GENCON and AOC. See Functional Units 


Part 2, ATIAO DI DO and Part 5, GENCON GENBIN GENUSD, User’s Guide, for more 


information. 


As indicated above, the FUZM1 type circuit makes internal use of a number of functional units. 
See the type circuit PC program in Appendix G, Internal PC Program for Type Circuit FUZM1. 
Using the type circuit FUZM1 in a PC program allocates resources from the data base according 


to the following table. 


Table 3-2. Data Base Usage for the Type Circuit FUZM1 


Functional Unit Number 
GENCON 3 
AOC 3 
DAT 5 
AAB_FILE 1 
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Figure 3-12 shows the frame of the FUZM1 type circuit. 


TC FUZM1_Al 
D=’MIMO.AAB FILE’ -l—|FILE_REF CO_NAME __—_P—— MIMO 

-2—jEN_CA_ON CA_RUN 
-3-4 CA_TSAMP CA_AVAIL 
-4—) EN_CA_FO F_DATE 
-6— CA_CHECK 

-21—] INP1 

-22—] INP2 

-23—4 INP3 

-24—) INP4 

-25—] INP5 


-71=MV1 STATUSC1 
-72—] ERR_MV1 FMV1 
-73—] BAL1 WSP1 


-76—] EXTREF11 FDEV1 
-77— EXTREF21 

-79—] HLDEV1 

-80—] LLDEV1 


-91—]MV2 STATUSC2 
-92—] ERR_MV2 

-93—4 BAL2 

-96—] EXTREF12 

-97—] EXTREF22 


-117—| EXTREF2 
-119—] HLDEV3 
-120—] LLDEV3 


-171— EN_MAN. STATUSO1 
-176—] EN_HI1 ouTl 
-177—] EN_LO1 
-178—] SPEED1 
-179—] OSP1 

-180—] OSPREF. 


-191—]EN_MAN2 STATUSO2 
-196—] EN_HI2 OUT2 
-197—] EN_LO2 

-198—] SPEED2 

-199—4 0SP2 

~200— OSPREF2 


-211—EN_MAN3 STATUSO3 
-216— EN_HI3 OUT3 
—217— EN_LO3 

-218—| SPEED3 

—219—4 OSP3 

22 OSPREF3 


Figure 3-12. Type Circuit FUZM1 
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Figure 3-13 shows the main display for an application built up using a MIMO 3*3 solution. 


Fuzzy Controller MIMO 


CONTR. VAR. 1 CONTR. VAR. 2 CONTR. VAR. 3 OUT. VAR. 1 OUT. VAR.2. OUT. VAR. 3 
MV_SP MV_SP MV_SP 


A A A 
19.0]M/MIN 57.6|M/MIN 74.3|M/MIN 


ORDERS CONTROL ALGORITHM 


CONTROL ALGORITHM ENABLED FILTERPOLE 0.65 
FORCE UPDATING OF OUTPUTS’ _[_] START UP L ] 
ORDER ALL OUTPUT VAR TO AUTO [_] 
ORDER ALL OUTPUT VAR TO MAN [_] 


STATES 
CONTROL ALGORITHM ENABLED 
CONTROL ALGORITHM AVAILABLE 
CONTROL ALGORITHM (NO ERROR) 
CONTR.VAR. IN BAL MODE 
ALL OV’S IN NON-AUTO MODE 
OUTPUT VAR IN OSP 


Figure 3-13. Main Display for a MIMO 3*3 Application 


Connection of the Input Terminals for Controlled Variables 
° MV 

— Connect to the analog input of the controlled variable. 
° ERR_MV 


— Connect to the ERR terminal of the analog input. A faulty analog input will force the 
controlled variable to balanced mode. See parameter BAL. 


3BSE 012 693R0001 3-21 


Fuzzy Control with FUZZYCON Aadvant® Controller 400 Series User’s Guide 
Chapter 3 Configuration/Application Building 


° BAL 


— Connect to an external supervising source that can discover faulty conditions in the 
controlled variable or set to zero if not used. 


Balanced mode is used in situations when the influence of a particular variable on the 
control algorithm should be minimized. For further information about balanced mode 
see Appendix A. 


° EXTREF1 
— Connect to an external reference value (set point) that will be used in mode E1. 


If the ordering mode E1 is not to be used, connect EXTREFI to any constant value. 
(Use the GENCON parameter ORDALWD to block mode E1.) 


° EXTREF2 
— Connect to an external reference value (set point) that will be used in mode E2. See 
parameter EXTREF1. 
° HLDEV 


— Connect to a source specifying the high alarm limit for deviation between filtered 
measured value and working set point. 


° LLDEV 


— Connect to a source specifying the low alarm limit for deviation between filtered 
measured value and working set point. 


Connection of the Output Terminals for Controlled Variables 


All information concerning output terminals for controlled variables, except the FDEV value, 
are delivered to the operator by the GENCON functional unit. In addition, the FUZM1 type 
circuit offers these parameters as output terminals. 


° FMV 
Filtered measured value. 
¢  WSP 
Working set point. 
° FDEV 
Filtered deviation value. Displaying this value is not supported by GENCON. 
° STATUSC 


Grouped data, composed of binary values. If desired, connect to a PC element of type 
EXPAND to convert the grouped data to normal data types. The expanded binary 
values appear in the order shown in Appendix A, PC Element FUZZYCON, 

Table A-6. 
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Display for Controlled Variable 


<CONTR. VAR. 1> 
MV__ SP 


A 
57.0 25.0} M/MIN 


Figure 3-14. Display for Controlled Variable 
The display for controlled variable is built up with the following GENCON standard display 
elements: 
° GCOPDS51, measured value as bar graph. 
° GCOPDS?, setpoint value as bar graph. 
° GCOPD01, numerical measured value. 


° GCOPD02, numerical setpoint value. 


NOTE 


e The default set up of the display element for numerical measured value is 
modified. The presentation of the parameters Unit and Mode have been 
disabled. 


e The static texts “MV”, “SP”, and “<CONTR. VAR. 1>” have been added with 
the drawing tool. 


The operator interaction is carried out according to the standard functional unit GENCON 
procedures. The only exception is that the functionality for manual mode is disabled. 


For full documentation about the operator interface for controlled variables, see Functional 
Units Part 5, GENCON GENBIN GENUSD, User’s Guide. 
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Connection of the Input Terminals for Output Variables 


EN_MAN 
— Set to true if individual manual operation of the output variable is allowed. 
EN_HI 


— Set to true to enable supervision of the output variable towards the high limit value. 
(Output variable high limit value is operator controlled in functional unit AOC.) 


EN_LO 


— Set to true to enable supervision of the output variable towards the low limit value. 
(Output variable low limit value is operator controlled in functional unit AOC.) 


SPEED 
— Apply the speed as a value expressed in units per second. 


Output variable maximum speed. (e.g., how big step is allowed when the output 
variable value is changed rapidly). For use in AUTO and E3 mode. (See Section 
3.1.9, Mode E3 for information about the E3 mode.) 


OSP 
— Set to true to enable high prioritized external control of the output variable. 


Note that activating the OSP flag will force the output variable to manual mode. In 
spite of that the operator will not be allowed to manipulate the output value. 


OSPREF 


— Connect to a variable calculated outside the FUZM1 type circuit. OSPREF will be 
connected to the output variable if the OSP flag is activated. 


Connection of the Output Terminals for Output Variables 


Information concerning output terminals for output variables is delivered to the operator by the 
AOC functional unit. In addition, the FUZM1 type circuit offers these parameters as output 
terminals. 


OUT 
Signal value expressed in engineering unit. 
STATUSO 


Grouped data, composed of binary values. If desired, connect to a PC element of type 
EXPAND to convert the grouped data to normal data types. The expanded binary 
values appears in the order shown in Appendix A, PC Element FUZZYCON, 

Table A-8. 
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Display for Output Variable 


<OUTPUT VAR. 1> 


A 
57.6|M/MIN 


Figure 3-15. Display for Output Variable 


The display for output variable is built up with the following standard display elements: 
° AOPDS51, output value of AOC as bar graph. 
° AOPDO1, numerical output value of AOC. 


NOTE 


¢ The “mode indication” is not part of the standard display elements for AOC. It 
is added to the display using a PC element of type DAT. 


¢ The static text “<OUTPUT VARI>” has been added with the drawing tool. 
The operator interaction is carried out according to the standard AOC procedures. 


For full documentation about the operator interface for output variables, see Functional Units 
Part 2, AIAO DI DO, User’s Guide. 
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Connection of the Auxiliary Variables 
e  INP1I - INP5 
— Connect to the source for corresponding auxiliary value. 


The data type is REAL and the default number of auxiliary variable inputs is five. 
Note that all terminals have to be connected to a value and they must have a 
corresponding parameter in the control algorithm. 


° OUTP1 - OUTPS 


— Connect to the user of the auxiliary variable output. The data type is REAL. 


NOTE 


If more than five auxiliary variables are needed it is necessary to adjust the type 
circuit. 


In addition to the five default variables, there are five input grouped variables and five output 
grouped variables available in the FUZZYCON PC element. Each grouped variable can hold 
256 variables of type REAL. 


How to adjust a type circuit is described in Appendix E, Customize Standard FUZZYCON 
Application. 


Example of Display for Auxiliary Variables 


CONTROL ALGORITHM 
FILTER POLE 0.65 
START UP L | 


Figure 3-16. Example of Display for Auxiliary Variables 


Using auxiliary variables with the intention of optimizing the control algorithm function is a 
powerful tool. That is, the implementation of auxiliary variables’ functionality provides great 
engineering freedom. For instance, it is possible, with the help of auxiliary variables, to 
manipulate the shape of a membership function in the control algorithm “on line”. 


With that in mind, it is hard to give any general advice on how to use this facility. The example 
given is one of many possible implementations. 


Keep the following in mind: 
° How to use auxiliary variables must be determined when the control algorithm is created. 


° Use the data base element DAT if the variable will be visible and/or operable for the 
operator. 


° Use static texts to describe the purpose of the value. 


° If more than five variables are needed, the type circuit must be adjusted. It is possible to 
use grouped data types that contain a great number of values. 


See Section 1.9.3, Auxiliary Variables for more information about auxiliary variables. 
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Connection of the Input Terminals for Status 


FILE_REF 


Connects automatically to actual AAB_FILE database instance. The connection 
follows the rule “<NAME CONC>.AAB FILE” where NAME CONC is one of the 
type circuit symbol values. 


CAUTION 
Only one connection shall be used for each AAB_FILE. A duplicated use of the 


AAB FILE will cause incorrect results. 
EN_CA_ON 
— Set to true to enable execution of the control algorithm. 
CA_TSAMP 
— Apply the time interval between the executions of the control algorithm. 


The time interval unit is seconds and the data type is REAL. The applied time 
interval will be rounded off to a cycle time which can be handled by the CONTRM. 


EN_CA_FO 


— Set true to enable immediate update of the output values derived from the control 
algorithm. 


CA_CHECK 


— Set true to enable continuous check of the control algorithm consistency. 


Connection of the Output Terminals for Status 


With the FUZM1 type circuit, it is possible to use the following parameters concerning the type 
circuit status: 


CO_NAME 
Connects automatically to the type circuit symbol value NAME_CONC. 
CA_RUN 


This output is set true when the operator order “control algorithm enabled” is 
accepted by the type circuit. 


CA_AVAIL 


This output is set true when a control algorithm is available and accepted in the 
referenced AAB_FILE instance. 


CA_DATE 
This output shows the creation date of the control algorithm. 
CA_TIME 


This output shows the creation time of the control algorithm. 
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. CA_ERROR 


This output indicates reported errors concerning the content of the AAB_FILE 
instance. The reported error codes are explained in Appendix A, PC Element 
FUZZYCON, Table A-3. 


° WARNING 


This output indicates reported runtime warnings concerning the content of the 
AAB_FILE instance. The reported warning codes are explained in Appendix A, 
PC Element FUZZYCON, Table A-4. 


° AMAX_DIM 


This output indicates number of compiler allocated “term points”. See Section 3.1.3, 
Allocation of Work Space within FTC for more information. 


° AMAX_USE 


This output indicates number of used “term points” so far. See Section 3.1.3, 
Allocation of Work Space within FTC for more information. 


Display for Status 


ORDERS 
CONTROL ALGORITHM ENABLED 
FORCE UPDATING OF OUTPUTS [ej 
ORDER ALL OUTPUT VAR TO AUTO [_] 
ORDER ALL OUTPUT VARTOMAN  [_] 


STATES 
CONTROL ALGORITHM ENABLED 
CONTROL ALGORITHM AVAILABLE 
CONTROL ALGORITHM (NO ERROR) 
CONTR. VAR. IN BAL MODE [| 
ALL OV’S IN NON-AUTO MODE [ ] 
OUTPUT VAR IN OSP [| 


Figure 3-17. Display for Status 


The operator interaction is built up using the data base element DAT. The describing texts are 
static and have been added with the drawing tool. 
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3.3.4.2 Type Circuit FUZS1 


The following section is a description of the “typical FUZS 1 type circuit usage”, which refers to 
a situation where the control application is realized with one controlled variable and one output 
variable. A condition for this solution is that the latter applies an output range of 0 ... 100%. 


The operator support is realized with one single functional unit GENCON. The usage is 
standard and belongs to the normal and general installation procedure of GENCON. See 
Functional Units Part 5, GENCON GENBIN GENUSD, User’s Guide, for more information. 


Using the type circuit FUZS1 in a PC program allocates resources from the database according 
to the following table. See the type circuit PC program in Appendix F, Internal PC Program for 
Type Circuit FUZS1 for detailed information. 


Table 3-3. Data Base Usage for the Type Circuit FUZS1 


Functional Unit Number 
GENCON 1 
DAT 2 
AAB_ FILE 1 


Figure 3-18 shows the frame of the FUZS1 type circuit. 


TC FUZS1_Al 
D=’FUZSI.AAB_FILE’-l=—|FILE_REF CO_NAME = 10—_—_————$$F UZSI 
-2— EN_CA_ON CA_RUNF=11 
—3—4CA_TSAMP CA_AVAIL}=12 


Figure 3-18. Type Circuit FUZS1 
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Figure 3-19 shows the main display for an application built up using a SISO solution. 


Fuzzy Controller SISO 


CONTR. AND OUTPUT VAR. 
MV SP OUT 


A A 
Q\M/MIN 57.6] % 


ORDERS CONTROL ALGORITHM 
CONTROL ALGORITHM ENABLED FILTERPOLE 0.65 
FORCE UPDATING OF OUTPUTS L_] START UP CL] 


STATES 
CONTROL ALGORITHM ENABLED 


CONTROL ALGORITHM AVAILABLE 
CONTROL ALGORITHM (NO ERROR) 
OUTPUT VAR IN OSP CL] 


Figure 3-19. Main Display for a SISO Application 
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Connection of the Input Terminals for the Controlled Variable 
See Section 3.3.4.1, Type Circuit FUZM1 for information concerning how to connect these 


terminals. 


NOTE 
The terminal “BAL” is not applied. 


Functionality of the terminal “ERR_MV” differs. A faulty analog input 
disconnects the output variable from its source and connects the external 
calculated output value instead. The operational mode is forced to MAN. 


Connection of the Output Terminals for the Controlled Variable 


See Section 3.3.4.1, Type Circuit FUZM1 for information concerning how to connect these 
terminals. 


Connection of the Input Terminals for the Output Variable 


See Section 3.3.4.1, Type Circuit FUZM1 for information concerning how to connect these 
terminals. 


NOTE 
The terminals EN_MAN, EN_HI and EN_LO are not applied. 


Connection of the Output Terminals for the Output Variable 


See Section 3.3.4.1, Type Circuit FUZM1 for information concerning how to connect these 
terminals. 


NOTE 


Status information concerning mode E3 is not relevant in the FUZM1 case. 
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Display for Controlled Variable and Output Variable 


<CONTR. VAR. AND OUTPUT VAR.> 
MV__ SP OUT 
A A 
57.0 25.0|M/MIN 57.6] M/MIN 


Figure 3-20. Display for Controlled Variable and Output Variable 
The display for controlled and output variable is built up with the following GENCON standard 
display elements: 
° GCOPDS51, measured value as bar graph. 
° GCOPDS2, setpoint value as bar graph. 
° GCOPDS3, output value as bar graph. 
° GCOPD01, numerical measured value. 
° GCOPD02, numerical setpoint value. 


° GCOPD03, numerical output value. 


NOTE 


The static texts “MV”, “SP”, “OUT” and “<CONTR. AND OUTPUT VAR.>” 
have been added with the drawing tool. 


The operator interaction is carried out according to the standard functional unit GENCON 
procedures. For full documentation about the operator interface for controlled variables, see 
Functional Units Part 5, GENCON GENBIN GENUSD, User’s Guide. 


Connection of the Input and Output Terminals for Auxiliary Variables 


See Section 3.3.4.1, Type Circuit FUZM1 for information concerning how to connect these 
terminals. 


Display for Auxiliary Variables 


The display for auxiliary variables follows the same design principles as described for auxiliary 
variables in Section 3.3.4.1, Type Circuit FUZM1. 
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Connection of the Input and Output Terminals for Status 


See Section 3.3.4.1, Type Circuit FUZM1 for information concerning how to connect these 


terminals. 


NOTE 


Status information concerning the parameter “BAL?” is not valid for the FUZS1 


type circuit. 


Display for Status 


CONTROL ALGORITHM 
FORCE UPDATING OF OUTPUTS 


CONTROL ALGORITHM 
CONTROL ALGORITHM 


CONTROL ALGORITHM 
OUTPUT VAR IN OSP 


ORDERS 
ENABLED 


CL 


STATES 
ENABLED 
AVAILABLE 
(NO ERROR) 


CL 


Figure 3-21. Display for Status 


The operator interaction is built up using the data base element DAT. The describing texts are 


static and have been added with the drawing tool. 
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Chapter 4 Runtime Operation 


4.1 Operating Overview 


This section gives a detailed description of FUZZYCON’s function. 


4.1.1 Controlled Variables 


Features are described for each controlled variable separately. The number of controlled 
variables in a control application can vary between one and three. 


4.1.1.1 Control Modes 


Available modes are auto, external reference 1, external reference 2 and balance. It is possible 
to switch between three reference values in modes auto, external reference 1, and external 
reference 2. 


Mode balance minimizes the impact from the variable on the control algorithm and should be 
applied primarily if the analog input is erroneous. When all output variables are in non- 
automatic mode, i.e., mode man or external reference 3, all controlled variables are forced to 
balance mode. 


The priority order is: balance, auto, external reference | and external reference 2. Balance has 
highest priority. The active mode is indicated at output terminals. The choice is controlled by 
different boolean input terminals. 


4.1.1.2 Filtering of Measured Values 


To provide the control algorithm with appropriate inputs, the measured values are filtered. The 
objective of this is to have the values represent for what has happened between two cycles of the 
interpreter. The algorithm reflects approximately the arithmetic mean over a horizon with that 
duration in time, but the algorithm is recursive and therefore non-equidistant (in time) calls of 
the interpreter can be supported. 


Let CYCLE define the interval between two cycles of the interpreter measured in cycle times of 
the PC element. That is, CYCLE is an integer which defines how many times the PC element 
has executed between two consecutive calls to the interpreter. From that is a pole & derived 


according toX = 1 — 1/CYCLE. To find the filtered values, the recursive expression 
cn) = Ox (n — 1) + (1 — @)x(n)is applicable, where x, denotes the filtered value of x. 


The very first execution of the PC element requires an exception, since x0) is unknown. The 
solution is to set x/(0) = x(1). 


4.1.2 Output Variables 


The features described are provided for each output variable separately. The number of output 
variables in a control application can vary between one and three. 
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4.1.2.1 Control Modes 


Available modes are manual, auto and external reference 3. In mode auto, the output value is 
given by the control algorithm. In modes manual and external reference 3, the output value is 
given by two different input terminals. The value for manual mode is intended to come from an 
operator. The actual mode is indicated at an output terminal. The priority order is manual, auto 
and external reference 3, i.e., manual has highest priority. 


When the control algorithm is not enabled, either because of an explicit order (e.g., CA_ON set 
to false) or an erroneous situation, all output variables are forced to non-automatic modes, 1.e., 
mode man or external reference 3, depending on the states of the input terminals. Moreover, a 
non-automatic mode is also applied if all controlled variables are in balance mode. 


4.1.2.2 Output Value Manipulation 


4-2 


Manipulation of the output value can be done using the variables isIncrementX and 
control ValueX. Variable isIncrementX is of type BOOLEAN and control ValueX is of type 
REAL. 


The idea of isIncrementx is to facilitate a choice for the user. If the flag is set, the resulting 
values (control ValueX) of the control algorithm are regarded as increments to the final outputs 
of the PC element. Thereby, the fuzzy rules can be designed for incremental behavior and the 
PC element provides the integration. If isIncrementx is false, the resulting values of the control 
algorithm are regarded as ready (non-incremental). In this case, the PC element switches of its 
integration functionality. Regardless of choice, the functionality supplied for upper and lower 
limits of the final output value is applied. In modes auto and E3, the speed limit is also applied. 
The control value from the algorithm must always be connected to control ValueX, and the 
classification of it to isIncrementxX. 


In general, all output terminals of FUZZYCON are updated every execution. WSPX (Working 
SetPoint no. X), however, reflects the set point that was applied last time the control algorithm 
was executed. 


The algorithm providing integration (or not) is shown in Figure 4-1. 


OUT .1) denotes the PC element output from previous execution. If no control mode is 
explicitly chosen, mode MAN should be applied. 
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Bounded 
ae increment 
isIncrement Speed limit . 
AUT a 
UTOO | v y F 
| 
ae | v 
controlValue —j; | | iN 
v | EXTREF3 + , A ae 
OUT (1) OUT (1) Z OUT ¢.1) 
Unbounded increment 
MAN Level limits 
T 
| YY 
VALUE” Sf OUT 
| 
A ‘ 
Unbounded level _ — — ~ A i * Se 
Enable/disable Output terminal of 
limits PC element 


Figure 4-1. Functionality for the Output Value 


4.1.2.3 Output Value Limitations 


FUZZYCON provides high- and low-level limitations for the output variables. In mode auto 
and E3, speed limit is also provided. The execution cycle for the limitation functionality is the 
same as for the control module in which the PC element is located. Furthermore, the execution 
cycle does not depend on terminal CA_TSAMP. Figure 4-1 shows how the limitations influence 
the output of the control algorithm. When a limit is applied, its associated alarm terminal is set. 


NOTE 


Because of the speed limitation applied in mode auto and E3, the output value can 
change although the interpreter is not executed. 


If incremental behavior is chosen, the limiting functionality makes use of the value OUT, the 
first time. This value is initialized to the value for manual output (“VALUE”). A nice feature is 
that the very first execution can be detected, which means that an algorithm can provide a 
suitable initializing value to FUZZYCON. (Detected by the PC element TRIGG connected to 
terminal RUN on CONTRM.) 
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4.1.3 Control Algorithm 


4.1.3.1 Scheduling 


It is possible to execute the control algorithm at a lower frequency than the other parts of the 
PC element, i.e., the interpreter can be scheduled differently than other functions. This is a 
powerful feature because influence of some inputs can be detected rapidly while the controller 
actions are suited to slow processes. 


Scheduling is done via the PC element terminal CA_TSAMP. FUZZYCON can support 
scheduling only at execution time. This is controlled by the control module (CONTRM) in 
which the PC element is located. This means that it is only possible to support sample times that 
are multiples of the time specified at the CONTRM element. Internally, the value specified at 
CA_TSAMP is rounded off to the closest possible supported time. 


In addition, the PC element terminal CA_FORCE can force the PC element to execute the 
interpreter between the scheduled executions. This is useful, for example, when the operator has 
changed the reference value. Thanks to CA_FORCE, the new reference value is taken into 
account at once. 


The PC element terminal CA_ON enables and disables execution of the interpreter, i.e., the 
control algorithm. The moment when CA_ON toggles from 0 to 1, the interpreter executes. 
Provided that CA_ON remains set, the control functionality executes at the following occasions: 


1. It is the appropriate time, according to CA_TSAMP. 
CA_FORCE is toggled from 0 to 1. 
It is the first execution of the PC element. 


2 
3 
4. One or several output variables are toggled from non-automatic mode to auto mode. 
5 FILE_REF has changed. 

6 


The operator-supplied set point is changed. The operator must not wait for update of 
output variables. 


4.1.3.2 Downloading of New Control Algorithm 


4-4 


A change detection mechanism of the PC element, i.e., detection for appearance of new control 
algorithms, is always applied when FUZZYCON executes. Although the interpreter is not 
active (CA_ON is false), new control algorithms are validated. The PC element terminal 
CA_AVAIL is set when there is an accepted control algorithm in the interpretable area, which 
implies that an order for CA_ON will be accepted. The PC element terminals F_DATE and 
F_TIME indicate the last control algorithm validated. 


When PC element terminal CA_CHECK is set, the control algorithm is check-sum checked 
before every interpretation. Every interpretation does not necessarily imply every execution of 
the PC element, see Section 4.1.3.1, Scheduling, since the interpreter can be utilized with a 
lower frequency. With CA_CHECK enabled, the user can achieve extreme security but must 
offer execution time. For the fastest cycle times, it may not be enough time for the CA_CHECK 
support. If the PC element executes the interpreter and discovers a check sum error, all output 
variables are forced to manual mode. 
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The PC element terminal CA_ERROR reports errors concerning the latest downloaded control 
algorithm. The terminal is described in Table 4-1. The PC element terminal CA_AVAIL is also 
influenced by the errors. 


Table 4-1. Error reporting of FUZZYCON concerning the Content of AAB_FILE 


STATUS CA_ERROR | CA_AVAIL 
Problem free state, i.e., control 
; 0 1 

algorithm accepted 
One or both check sum values are { 0 
wrong 
signatureA is wrong 2 0 
targetSystem is wrong 3 0 
targetFunction is wrong 4 0 
f£TCId is wrong 5 0 
memoryModel is wrong 6 0 
One or several call parameters do not 
match the call parameters of the 7 0 
PC element 
AAB_ FILE instance not found 8 0 
No AAB_FILE referenced and CA_ON 9 0 
set to true 
Unidentified instruction within 
interpreted code encountered (implies 

: 10 0 
mismatch between versions of 
AFPLCompiler and interpreter) 


4.2 Operating Instructions 


The operating instructions for FUZZYCON fully comply with the instructions given in 
functional units GENCON and AOC documents. Please refer to Functional Units Part 2, AIAO 
DI DO and Part 5, GENCON GENBIN GENUSD, User’s Guide, for information about the 
operating instructions. 


4.3 Runtime Operation Menus 
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See Chapter 1.9, Introduction, for a brief survey of the operator interface. As the operator 
interface is built up using the standard functional units GENCON and AOC, please refer to 
Functional Units Part 2, AIAO DI DO and Part 5, GENCON GENBIN GENUSD, User’s 
Guide, for more information about the runtime operation menus. 
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Chapter 5 Maintenance 


5.1 Error Messages 


5.1.1 Process Errors 


Process errors indicate an erroneous situation in the controlled process. A typical error of this 
kind is when a measured value is greater or less than its alarm limits. 


Complete functionality for detection, reporting and acknowledgment of alarms is provided by 
the PC element FUZZYCON together with the functional unit GENCON. This support is 
available only for controlled variables. These features are described in Section 1.9.1, Controlled 
Variables. 


There is also support for reacting to detected errors. The mode BAL for controlled variables can 
be used to minimize the impact of erroneous measured values upon the control algorithm. In this 
mode, the PC element sets the working set point equal to the measured value, so the controlled 
variable error becomes zero inside the control algorithm. 


For output variables, the type circuits offer input terminals to force the output values to safe 
positions if a troublesome situation is detected. The terminal activating this behavior is OSPX 
(output safe position), and the safe value should be given at terminal OSPREFX. 


5.1.2 Controller Errors 
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Controller errors indicate erroneous situations of the actual controller. As a consequence, 
process errors may or may not appear. 


For FUZZYCON, all errors of this kind are associated with the control algorithm. There are a 
number of possible reasons that errors occur, but the effect of the errors is that the control 
algorithm is rejected in a controlled way. Controlled variables are forced to mode BAL, and 
output variables to mode MAN or E3 depending on the values of the input terminals. 


See Appendix A, PC Element FUZZYCON for further information about possible error types. 
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Appendix A PC Element FUZZYCON 


A.1 General 


This description of the FUZZYCON PC element is reprinted from PC Elements Advant 
Controller 400 Series Reference Manual. 


A.2 PC Element for FUZZYCON 


FUZZYCON is used as a FUZZY CONtroller together with the FTC, Fuzzy Target Code, 
which is stored in the DB element AAB_FILE. 
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FUZZYCON 
(C1-C8) 
1 + FILE_REF CA_RUN 
2 CA_ON CA_AVAIL 
3 + CA_TSAMP CA_ERROR 
4 + CA_FORCE WARNING 
5 + CA_CHECK F_DATE 
24) INP L F_TIME 
AMAX_DIM 
20+C1— INPC1 AMAX_USE 
41 — IGR1 OUTP1 
———  40+C2-— IGRC2 OUTPCS5 
OGR1 
OGRC6 
71 — MV1 STATUSC1 
72 — BALI FMV1 
73 — AUTOC1 WSP1 
747 Ell FDEV1 
75 ek 
76 — EXTREF11 
77 = EXTREF21 
78 — OP_VALC1 
79 -| HLDEV1 
80 -| LLDEV1 
—— 514+20*c4 4 Mvc4 STATUSCC4 
— 52+20*C4-— BALC4 FMVC4 
— 53+20*C4-| AUTOCC4 WSPC4 
— 54+20*c4- E1C4 FDEVC4 
— 55+20*C4- E2C4 
— 56+20*C4 4 EXTREF1C4 
— 574+20*C4— EXTREF2C4 
— 58+20*C4 — OP_VALCC4 
— 59+20*C4-—| HLDEVC4 
— 60+20*C4- LLDEVC4 
171 — MAN1 STATUSO1 
172 + AUTOO1 OUT1 
173 4 E31 
174 + EXTREF31 
175 4 OP_VALO1 
176 — EN_HI1 
177 + EN_LO1 
178 + SPEED1 
—151+20*C8 4 MANC8& STATUSOC8 
— 152+20*C8 4 AUTOOCS8 OUTC8 
— 153+20*C8 4 E3C8 
—154+20*C8 ~ EXTREF3C8 
—155+20*C8— OP_VALOC8 
— 156+20*C8 4 EN_HIC8 
— 157+20*C8 4 EN_LOC8 
— 158+20*C8 4 SPEEDC8 


+ 61+20*C4 —— 
 62+20*C4 —— 
- 63+20*C4 —— 
+ 64+20*C4 —— 


- 181 
+ 182 


+ 161+20*C8—— 
- 161+20*C8— 


Figure A-1. PC Element FUZZYCON 
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Table A-1. Call FUZZYCON (C1, C2, C3, C4, C5, C6, C7, C8) 


Parameter Significance Permissible 
Values 
C1 Number of auxiliary inputs of type IR. 0..5 
C2 Number of grouped inputs of type IGR. 0..5 (1) 
C3 Size (number elements) of grouped input data. 0... 255 (1) 
C4 Number of controlled variables. 0..3 
C5 Number of auxiliary outputs of type OR. 0..5 
C6 Number of grouped outputs of type OGR. 0..5 ) 
C7 Size (number elements) of grouped output data. 0 .. 255 () 
C8 Number of output variables. 0..3 


C2 > 0 requires that C3 > 0 
C6 > 0 requires that C7 > 0 


Table A-2. Terminal Description 


No Name Type Description 

1 FILE_REF IA20 FILE REFerence to the “NAME” property of the AAB_FILE instance. 
Empty string (D = ‘‘) shall be specified in case no file should be 
referenced. 

2 CA_ON IB Control Algorithm ON. FUZZYCON ordered to execute its control 
algorithm. 

3 CA_TSAMP ITR Control Algorithm Time SAMPle. The time interval between the 
interpretations of the control algorithm, measured in the unit seconds. 
Rounded off to closest time that is realizable by the CONTRM. 

4 CA_FORCE IB Control Algorithm FORCE. Forces interpretation of the control algorithm. 

5 CA_CHECK IB Control Algorithm CHECK. The PC element checks the control algorithm 
for consistency in every execution that interprets the control algorithm. 

11 CA_RUN OB Control Algorithm RUN. Set when FUZZYCON has accepted the order 
CA_ON, which means that the control algorithm will be interpreted when 
conditions for this is fulfilled. 

12 CA_AVAIL OB Control Algorithm AVAILable. Set when a control algorithm is available in 
the referenced AAB_FILE. 

13 CA_ERROR Ol Control Algorithm ERROR. Indicates error regarding the FTC. See 
Table A-3. 

14 WARNING Ol WARNINGs. Indicates warnings. See Table A-4. 

15 F_DATE OIL File DATE of file that is accepted and interpretable. 

16 F_TIME OTR File TIME of file that is accepted and interpretable. 
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Table A-2. Terminal Description (Continued) 
No Name Type Description 

17 AMAX_DIM OIL Allocated MAXimum break points DIMensioned. Number of term break 
points that the compiler has allocated in the work space of FTC. 

18 AMAX_USE OIL Allocated MAXimum break points USEd. Number of term break points that 
have been used “so far” in the work space of FTC. 

21 INP1 IR INPut 1. Auxiliary input of type REAL. 

: INPC1 IR INPut C7. Auxiliary input of type REAL. 

20+C1 

31 OUTP1 OR OUTPut 1. Auxiliary output of type REAL. 

: OUTPC5 OR OUTPut C5. Auxiliary output of type REAL. 

30+C5 

41 IGR1 IGC3R Input GRoup 1. Grouped auxiliary input of type REAL. 

: IGRC2 IGC3R Input GRoup C2. Grouped auxiliary input of type REAL. 

40+C2 

51 OGRI1 OGC7R Output GRoup 1. Grouped auxiliary output of type REAL. 

: OGRC6 OGC7R Output GRoup C6. Grouped auxiliary output of type REAL. 

50+C6 

71 MV1 IR Measured Value of controlled variable 1. 

72 BAL1 IB BALanced mode for controlled variable 1. 

73 AUTOC1 IB AUTO mode for Controlled variable 1. 

74 E11 IB Ei mode for controlled variable 1. 

75 E21 IB E2 mode for controlled variable 1. 

76 EXTREF11 IR EXTernal REFerence value 1 (set point) for controlled variable 1 during 
mode E1. Internally, the value is limited by the limits for the working set 
point. 

77 EXTREF21 IR EXTernal REFerence value 2 (set point) for controlled variable 1 during 
mode E2. Internally, the value is limited by the limits for the working set 
point. 

78 OP_VALC1 IG7R OPerator VALues for Controlled variable 1. A group of REAL data, 
normally coming from operator via GENCON. See Table A-5. 

79 HLDEV1 IR High alarm Limit for DEViation between filtered measured value and 
working set point for controlled variable 1. 

80 LLDEV1 IR Low alarm Limit for DEViation between filtered measured value and 
working set point for controlled variable 1. 

81 STATUSC1 Ol STATUS for Controlled variable 1. BOOLEAN data, normally delivered to 
operator station via GENCON. See Table A-6. 

82 FMV1 OR Filtered Measured Value for controlled variable 1. 
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Table A-2. Terminal Description (Continued) 
No Name Type Description 

83 WSP1 OR Working Set Point for controlled variable 1, i.e. “SETP” (see Table A-5) in 
mode AUTO, “EXTREF1” in mode E1 and “EXTREF2” in mode E2. This 
value is updated only when the control algorithm is executed. 

84 FDEV1 OR Filtered DEViation for controlled variable 1, i.e. filtered measured value 
minus working set point. 

: MVC4 IR Measured Value of controlled variable C4. 

51+20*C4 

: BALC4 IB BALanced mode for controlled variable C4. 

52+20*C4 

: AUTOCC4 IB AUTO mode for Controlled variable C4. 

53+20* C4 

: E1C4 IB E1 mode for controlled variable C4. 

54+20*C4 

: E2C4 IB E2 mode for controlled variable C4. 

55+20*C4 

: EXTREF1C4 IR EXTernal REFerence value 1 (set point) for controlled variable C4 during 

56+20*C4 mode E71. Internally, the value is limited by the limits for the working set 
point. 

i EXTREF2C4 IR EXTernal REFerence value 2 (set point) for controlled variable C4 during 

57420*C4 mode E2. Internally, the value is limited by the limits for the working set 
point. 

: OP_VALCC4 IG7R OPerator VALues for Controlled variable C4. A group of REAL data, 

58420*C4 normally coming from operator via GENCON. See Table A-5. 

: HLDEVC4 IR High alarm Limit for DEViation between filtered measured value and 

59+20*C4 working set point for controlled variable C4. 

: LLDEVC4 IR Low alarm Limit for DEViation between filtered measured value and 

60+20*C4 working set point for controlled variable C4. 

: STATUSCC4 Ol STATUS for Controlled variable C4. BOOLEAN data, normally delivered to 

61420*C4 operator station via GENCON. See Table A-6. 

: FMVC4 OR Filtered Measured Value for controlled variable C4. 

62+20*C4 

: WSPC4 OR Working Set Point for controlled variable C4, i.e. “SETP” (see Table A-5) in 

63420*C4 mode AUTO, “EXTREF1” in mode E1 and “EXTREF2” in mode E2. This 
value is updated only when the control algorithm is executed. 

: FDEVC4 OR Filtered DEViation for controlled variable C4, i.e. filtered measured value 

64+420*CA minus working set point. 
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Table A-2. Terminal Description (Continued) 
No Name Type Description 

171 MAN1 IB MANual mode for output variable 1. 

172 AUTOO1 IB AUTO mode for Output variable 1. 

173 E31 IB E3 mode for output variable 1. 

174 EXTREF31 IR EXTernal REFerence value 3 for output variable 1. Applied output in mode 
E3. 

175 OP_VALO1 IG3R OPerator VALues for Output variable 1. A group of REAL data, normally 
coming from operator via GENCON or AOC. See Table A-7. 

176 EN_HI1 IB ENables the limit “HI_LIM” (see Table A-7) for output variable 1. 

177 EN_LO1 IB ENables the limit “LO_LIM” (see Table A-7) for output variable 1. 

178 SPEED1 IR SPEED limit of output value during mode AUTO and E8 for output variable 
1, measured per second. 

181 STATUSO1 Ol STATUS for Output variable 1. BOOLEAN data. For use within AMPL 
and/or delivered to operator by GENCON or AOC. See Table A-8. 

182 OUT1 OR OUTput value for output variable 1. 

: MANC8 IB MANual mode for output variable C8. 

151+20*C8 

: AUTOOC8 IB AUTO mode for Output variable C8. 

152+20*C8 

: E3C8 IB E3 mode for output variable C8. 

153+20*C8 

: EXTREF3C8& IR EXTernal REFerence value 3 for output variable C8. Applied output in 

154+20*C8 mode E3. 

: OP_VALOC8 IG3R OPerator VALues for Output variable C8. A group of REAL data, normally 

155+20*C8 coming from operator via GENCON or AOC. See Table A-7. 

: EN_HIC8 IB ENables the limit “HI_LIM” (see Table A-7) for output variable Cé. 

156+20*C8 

: EN_LOC8 IB ENables the limit “LO_LIM” (see Table A-7) for output variable C8. 

157+20*C8 

: SPEEDC8 IR SPEED limit of output value during mode AUTO and E8 for output variable 

158+20*C8 C8, measured per second. 

: STATUSOC8 Ol STATUS for Output variable C8. BOOLEAN data. For use within AMPL 

161+20*C8 and/or delivered to operator by GENCON or AOC. See Table A-8. 

: OUTC8 OR OUTput value for output variable C8. 

162+20*C8 
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Table A-3. CA_ERROR “) 


Error Description 


1 One or both check sum values are wrong. Probably caused by transmission 
error when loading FTC from AS100ES to database. 


2 signatureA is wrong. Probable cause. Probably caused by transmission 
error when loading FTC from AS100ES to database. 


3 targetSystem is wrong. Probably caused by wrong argument for compiler 
option -t during compilation. 


4 targetFunction is wrong. Probable cause. Probably caused by 
transmission error when loading FTC from AS100ES to database. 


5 f£TCid is wrong. Indicated when the version of AFPLCompiler and 
PC Element mismatch. 


6 memoryModel is wrong. Probable cause. Probably caused by transmission 
error when loading FTC from AS100ES to database. 


7 One or several call parameters of FTC do not match the call parameters of 
the PC element. Probable cause is a mismatch made in the source code of 
the control algorithm, or wrong specification of call parameters 


8 AAB_FILE instance not found. 
9 No AAB_FILE referenced and CA_ON set to true. 
10 Unidentified instruction within interpreted code encountered (implies 


mismatch between versions of AFPLCompiler and interpreter). 


(1) Indicates erroneous properties of FTC. 


Table A-4. WARNING 


Bit Description 
1) At least one controlled variable in BAL mode. 
2 All output variables in non automatic modes (MAN or E3). 


(1) Least Significant Bit. 
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Table A-5. OP_VALCI..OP_VALC<C4> 


Parameter Description 


1 “SETP”. Applied reference value (set point) during mode AUTO. 
Internally the value is limited to the limits for the working set point. 


“MVH2”. High alarm limit 2 for filtered measured value. 


“MVH1”. High alarm limit 1 for filtered measured value. 


“MVL1”. Low alarm limit 1 for filtered measured value. 


“MVL2”. Low alarm limit 2 for filtered measured value. 


“SETPH”. High limit for working set point. 


N/ OO} oO] B&B] Ww] Pp 


“SETPL”. Low limit for working set point. 


Table A-6. STATUSCI..STATUSC < C4> 


Bit Description 


1%) “BAL”. Set when mode is BAL. 


“AUTO”. Set when mode is AUTO. 


“E1”. Set when mode is E1. 


“E2”. Set when mode is E2. 
“ALDEV”. Set when deviation is outside “LLDEV” ... “HLDEV”. 


“ALLIMH2”. Set when filtered measured value is larger than “MVH2”. 


“ALLIMH1”. Set when filtered measured value is larger than “MVH1”. 


“ALLIML1”. Set when filtered measured value is smaller than “MVL1”. 


O};@MO;l NI oO] oa] BR] wo] Pp 


“ALLIML2”. Set when filtered measured value is smaller than “MVL2”. 


= 
oO 


“LIMSPH”. Set when working set point is limited by “SETPH’. 


11 “LIMSPL”. Set when working set point is limited by “SETPL’”. 


(1) Least Significant Bit. 
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Table A-7. OP_VALOI..OP_VALC< C8&> 


Parameter Description 
1 “VALUE”. Applied output value during mode MAN. 
2 “HI_LIM”. High limit for output value. 
3 “LO_LIM”. Low limit for output value. 


Table A-8. STATUSO1..STATUS < C8 > 


Bit Description 


1) “MAN”. Set when mode is MAN. 


“AUTO”. Set when mode is AUTO. 


“E3”. Set when mode is E83. 


“LIMOPL”. Set when output is limited by “LO_LIM”. 


2 
3 
4 “LIMOPH”. Set when output is limited by “HI_LIM”. 
5 
6 


“LIMOSPE”. Set when speed of output is limited by “SPEED”. No indication 
supported by GENCON or AOC, and speed limit is applied only in mode 
AUTO and E3. 


7 “EN_HI”. Set when FUZZYCON has enabled the high limit. 


8 “EN_LO”. Set when FUZZYCON has enabled the low limit. 


(1) Least Significant Bit. 
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Appendix B ABB Fuzzy Programming Language 


B.1 Introduction 


ABB Fuzzy Programming Language (AFPL) is the language used to program fuzzy control 
algorithms. This appendix does not offer a complete description of the syntax and semantics of 
AFPL. It is intended instead to be a quick introduction for engineers to the programming 
concepts so they can apply Fuzzy Control as quickly as possible. See documents referenced for 
details such as production rules. 


The “cornerstones” of AFPL are: 


° The language, i.e., “Fuzzy Control Language (FCL)”. At time of this writing, FCL is 
emerging as the standardized language for Part 7 of the programming standard IEC 1131. 
Part 7 admits different levels of compliance, and AFPL complies to the conformance 
classes “Basic Level” and “Extension Level”. This means that functions provided by 
FUZZYCON fully comply to with Part 7. FCL looks like “Structured Text” of IEC 1131-3 


° A subset of “Structured Text” of IEC 1131-3. The subset facilitates standard arithmetic 
being applied in the control algorithm. 


AFPL is object-oriented, i.e., object types are defined, instantiated and invoked. The language 
complies to “Structured Text” of the standard IEC 1131-3 regarding properties like case 
sensitivity, significant characters in identifiers, etc. 


B.2 AFPL Description 


B.2.1 Interface towards PC Element 


The control algorithm, which is the name of the Fuzzy Control AFPL application, interacts with 
the PC element FUZZYCON via the object type Control Algorithm main function and the PC 
element call parameters. Please refer to Chapter 3.1.1, Configuration/Application Building and 
Chapter 3.1.2, Configuration/Application Building for detailed information about interface 
towards the PC element. 


B.2.1.1 Reserved Identifier Names 


The following list contains identifier names that are reserved for the object type Control 
Algorithm. The identifiers are dedicated to defining the interface between FUZZYCON and the 
Control Algorithm main function. 
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Input_Group, Output_Group, tSamp, inp1...inp5, iGr1...iGr5, f{MV1...fMV5, wSP1...wSP5, 
fDEV1...fDEV5, outp1...outp5, oGrl...oGr5, isIncrement1...isIncrement5, 
controlValue1...controlValue5, and the name Control Algorithm itself. 


NOTE 

¢ The identifier names are not case sensitive. 

e The identifier names are only reserved for function blocks of type 
Control-Algorithm. For other user defined function blocks, these names 
are free to use. See Section B.2.2.2, Function Block for details about function 
blocks. 


B.2.2 Common Elements of Fuzzy Control and Structured Text Language 


Two basic common elements are needed to form a complete and working fuzzy control 
algorithm. 


° User defined data types. Specific data types, in addition to the basic data types, are needed 
to create a working control algorithm. “Derived data type” is the IEC standard concept 
used to achieve this. See Section B.2.2.1, Derived Data Types. 


° Function blocks. All program functionality is defined using the IEC standard concept 
“Function Block”. The control algorithm as well as help functions and sub functions can 
be defined using this “program organization unit”. See Section B.2.2.2, Function Block. 


B.2.2.1 Derived Data Types 


TYPE (* define derived types*) 
Input_Group: ARRAY[17..50] OF REAL; 
Output_Group: ARRAY[1?..2] OF REAL; 
First_Array: ARRAY[4?..77] OF REAL*; 
Second_Array: ARRAY[1..20] OF REAL; 

END_TYPE 


Figure B-1. Example of Derived Data Types 


Derived data types are declared within the language elements TYPE and END_TYPE. This 
block will be located on the same programming level as function blocks, see Section B.2.2.2, 
Function Block. In addition, the derived data type block must be located in front of the place 
where it is first applied. 


Take note of the following (figures refer to code in Figure B-1): 


1. Index values that specify range for arrays must be given as constant integer values. The 
lower range must be less than or equal to the higher range. 


2. The only supported elementary data type for use in arrays is REAL. 


3. The index values defining an array can be specified arbitrary with one exception: when 
specifying the derived data types Input_Group and Output_Group, the index must start 
at 1. 
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AFPL supports only the derived data type ARRAY of REAL. The type names Input_Group 
and Output_Group are reserved. These two types are utilized in the interface to the 

PC element. The index range specified for Input_Group and Output_Group must agree 
with the input data specified for FUZZYCON PC element call parameter C3 and C7. See 
Section 3.1.2, Interface between FUZZYCON and Control Algorithm for more information. 


B.2.2.2 Function Block 


FUNCTION_BLOCK Other_Fb 


(* function block code *) 


END_FUNCTION_BLOCK 


FUNCTION_BLOCK Example_Type 


VAR_INPUT (* input variables *) 
temp: REAL? ;= 0.5;7 
END_VAR 


VAR_OUTPUT (* output variables *) 
order: REAL}; 
END_VAR 


VAR (* local variables *) 
auxl, aux2: REAL; 
array_one: ARRAY[10..20] OF REAL}; 


array_two: Second_Array?; 


array_three: ARRAY[1..4] OF REAL := 17.3, 2(18.5), 26.2;7 
an_other_fb: Other _Fb?; 
END_VAR 


(* Place for method *) 


(* The code located here has to comply with IEC standard *) 


(* 1131. Either with Part 3 or Part 7, not both of them.*) 


END_FUNCTION_BLOCK 


Figure B-2. Example of Function Blocks 
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Object types are defined within the language elements FUNCTION_BLOCK and 
END_FUNCTION_BLOCK. Figure B-2 exemplifies how input, output and local variables are 
declared. The function block Cont rol_Algorithm is special because it realizes the frame 
for the whole user-defined control algorithm. This function block is described in Section 3.1.1, 
Main Function of the Control Algorithm. For function blocks of AFPL, the following rules 
apply (figures refer to the program in Figure B-2): 


1. Supported data types are REAL and derived data types. Also, function blocks can be 
instantiated. 


2. All variables are initialized, either to default values defined in IEC 1131 or explicitly in the 
program. The default value for REAL is 0.0. 


B.2.2.3 Invocation of Function Blocks 


B-4 


The principles for invocation of a function block are illustrated by an example, see Figure B-3. 


NOTE 
e The values of the input parameters are assigned just as the function block 
My_VAR is invoked. 


e The state of the output parameters cannot change unless the function block 
My_VAR is invoked. In spite of that, the values of the output variables can 
always be read and assigned to other variableB. 


FUNCTION_BLOCK My_FB 
VAR_INPUT x1,x2: REAL; END_VAR 
VAR_OUTPUT y,z: REAL; END_VAR 


(* Method calculating y and z based on xl and x2 *) 


END_FUNCTION_BLOCK 


FUNCTION_BLOCK CONTROL_ALGORITHM 
VAR_OUTPUT outl,out2: REAL; END_VAR 


VAR My_VAR: My_FB; END_VAR 


My_VAR(x1l := 3.0, x2 := 5.0); (* Invocation point *) 
outl := My_VAR.y; 
out2 := My_VAR.z; 


END_FUNCTION_BLOCK 


Figure B-3. Example of Function Block Invocation 
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B.2.3 The Subset of Structured Text Language 


This section contains information about those portions of the “Structured Text” part of IEC 
1131-3 supported by ABB Fuzzy Programming Language. 


Table B-1, AFPL supported numerical Functions 


Function Name Description 
ABS Absolute value 
SQRT Square root 
LN Natural logarithm 
LOG Logarithm 
EXP Natural exponential 
SIN Sine 
COS Cosine 
TAN Tangent 
ASIN Principle arc-sine 
ACOS Principle arc-cosine 
ATAN Principle arc-tangent 
NOTE 


The trigonometric functions operate exclusively on radians. 


Table B-2. AFPL supported Operators 


Operator Description 


+ Addition 


* 


Multiplication 


- Subtraction 


/ Division 


Exponential 


= Assign a value 
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B.2.4 AFPL by Examples 


B.2.4.1 Survey 


B-6 


This section contains a brief introduction to concepts of the language elements in ABB Fuzzy 
Programming Language. 


Fuzzification 


Contains the rule for conversion of the physical input value into degree of membership. That is, 
the degree of membership is calculated from the defined membership function for that specific 
term of the linguistic variable. The membership function is a piece-wise linear function and is 
defined using the keyword “TERM”. It is possible to modify the break points of the membership 
function on-line, for tuning purposes, using variables. The conversion of input values forms an 
“internal fuzzy model”. 


Keywords: FUZZIFY............... END_FUZZIFY. 
Additional keywords: TERM. 


Defuzzification 


Contains the conversion from the “internal fuzzy model” to a physical value that can be used as 
an output signal. In addition to assigning single values to the output signal, it is possible to 
specify a method for calculating the value. Some keywords can be used for applying various 
influences to the output variable. 


Keywords: DEFUZZIPY................ END_DEFUZZIFY. 


Additional keywords: TERM, DEFAULT, RANGE, NC, METHOD, COG, COGS, COA, LM, 
RM 


Rule Block 


Contains the rules used by the “fuzzy application”. The rules are expressed in a linguistic way. 
The operators AND and OR have to be assigned algorithms. Rules are created using the 
following principle: IF condition THEN conclusion WITH weghtingfactor. Each rule is 
assigned a unique number inside the rule block. 


Keywords: RULEBLOCK................. END_RULEBLOCK. 


Additional keywords: MAX, MIN, ASUM, BSUM, NSUM, PROD, BDIF, AND, OR, ACT, 
ACCU, IF, THEN, IS, NOT, WITH, RULE 


Declarations 

The following language elements are used for declaration of the function block interface. 
Keywords: FUNCTION_BLOCK.........000... END_FUNCTION_BLOCK 

Additional keywords: VAR, VAR_INPUT, VAR_OUTPUT, END_VAR 
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B.2.4.2 Elementary Principles 


FUNCTION_BLOCK Fuzzy_FB 
VAR_INPUT temp7, pressure: REAL; END_VAR 
VAR_OUTPUT valve?: REAL; END_VAR 
FUZZIFY temp? (* temp is an input linguistic variable *) 
TERM cold := (3, 1) (27, 0); 
TERM hot := (3, 0) (27, 1); 
END_FUZZIFY 
FUZZIFY pressure (* pressure is an input linguistic variable *) 
TERM low := (55, 1) (95, 0); 
TERM high := (55, 0) (95, 1); 
END_FUZZIFY 
DEFUZZIFY valve? (* valve is an output linguistic variable *) 
TERM drainage := -100; 
TERM closed := 0; 
TERM inlet := 100; 
METHOD: COGS; 
DEFAULT := 0; 
END_DEFUZZIFY 
RULEBLOCK Nol? 
AND: MIN; 
ACCU: MAX; 
RULE 14: IF temp IS cold AND pressure IS low THEN valve IS inlet; 
RULE 2: IF temp IS cold AND pressure IS high THEN valve IS closed; 
RULE 3: IF temp IS hot AND pressure IS low THEN valve IS closed; 
RULE 4: IF temp IS hot AND pressure IS high THEN valve IS drainage; 
END_RULEBLOCK 
END_FUNCTION_BLOCK 
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B-8 


Figure B-4 shows what a fuzzy control algorithm may look like. Most of the principles of this 
example are explained in Section B.2.4.3, Other Features. Some principles, however, are 
explained below. Figures refer to the program in Figure B-4: 


1. 


Input linguistic variables are connected to ordinary inputs via the name of the identifier. 
Each input linguistic variable is composed of terms, and the membership function of terms 
are defined by piece wise linear functions. The coordinate pairs (3, 1)(27, 0) define the 
membership function depicted in Figure B-5. The function is corresponding to “cold” in 
Figure B-4. As the figure implies, the function is open in both ends. That is, all variable 
values below 3 are assigned membership of degree | in function “cold”, and all variable 
values above 27 are assigned a membership of degree 0. The dashed line depicts the 
membership function for “hot” in Figure B-4. 


Figure B-5. Piece Wise Linear Functions 


Output linguistic variables are connected to ordinary outputs via the name of the identifier. 
Each output linguistic variable is composed of terms, and the membership function of 
terms is defined by singletons in this example. Singletons are functions that have no width, 
i.e., no area, and a height 1.0. The specified value for each term defines the location on the 
X-axis. 


A tule block has a unique name, that is, the name is an identifier. 


Each rule has a unique integer number that identifies the rule. 
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B.2.4.3 Other Features 


Figure B-6 depicts how a more advanced, or more complex, fuzzy algorithm can look like. 


FUNCTION_BLOCK Fuzzy_FB 


VAR_INPUT temp, weight, or_factor: REAL; points: Points_Array; END_VAR 
VAR_OUTPUT valve, hot_msf_value, valve_output: REAL; END_VAR 
VAR local: REAL; END_VAR 


FUZZIFY temp TERM cold := (points[1]7, 1) (27, 0); TERM hot := (3, 0) (27, 1); END_FUZZIFY 
DEFUZZIFY valve? 
RANGE? := (-100..100); 
ERM drainage := (points [2]7, 1) (0, points[4]%); 
ERM closed := (points[2], 0) (0, 1) (points[3], 0); 
ERM inlet := (0, 0) (points[3], 1); 
METHOD: COG; 
DEFAULT® := NC; 


valve_output <4 drainage; 
END_DEFUZZIFY 


RULEBLOCK Nol 


oR?: MAX; 

AND’: MIN; 

ACT?: PROD; 

accu?®: BsuM; 

RULE 1: IF temp IS NOT? cold OR or_factor THEN valve IS inlet; 

RULE 2: IF temp IS cold THEN valve IS closed WITH weight; 

RULE 3: IF NoT?4 (temp IS hot) THEN valve IS closed; 

RULE 4: IF temp IS hot THEN valve IS drainage WITH weight, hot_msf_value; 
END_RULEBLOCK 


RULEBLOCK No2 


OR: MAX; 

AND: MIN; 

ACT: PROD; 

ACCU: BSUM; 

RULE 1: IF temp IS hot THEN local; 
RULE 2: IF local THEN valve IS closed; 
END_RULEBLOCK 


END_FUNCTION_BLOCK 


Figure B-6. Example of more complex AF PL 
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The following are important features of “Extension Level” (figures refer to program in 
Figure B-6): 


1. 


B-10 


Output linguistic variables are connected to ordinary outputs via the name of the identifier. 
Each output linguistic variable is composed of terms, and the membership function of 
terms may be defined by piece wise linear functions. A mix between singletons and piece 
wise linear functions within one output linguistic variable is not allowed. 


RANGE denotes the lower and higher limit for the output linguistic variable. This is only 
applicable when terms are defined with piece wise linear functions. If those are not 
specified, the default value for REAL is applied. The limits play an important role because 
membership functions are cut off outside them. 


The x-value of a coordinate can be connected to a variable. This is also applicable if the 
membership function is of type singleton. 


The y-value of a coordinate can be connected to a variable. 


METHOD specifies defuzzification method. Supported methods are listed in Table B-3. 
Notice, some methods are not applicable for both kinds of terms. 


Table B-3. Defuzzification Methods 


Key Word Meaning Singleton/Piece Wise Linear 
COG Center of gravity -/X 
COGS Center of gravity X/- 
COA Center of area -IX 
LM Left most maximum X/X 
RM Right most maximum X/X 


The formulas for the methods are shown in Table B-4, where the following notations are 
applied: 


U: Result of defuzzification 

ur Output linguistic variable 

D: Number of singletons 

ll: Membership function after accumulation 
i: Index 

Min: Lower limit for defuzzification 

Max: Upper limit for defuzzification 

sup: Largest value 

inf: Smallest value 
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Table B-4. Formulas for Defuzzification Methods 


Key Word Formulae 
COG Max 
| uw(u)du 


_ Min 
U = Max 


J wea 


Min 


Yo ub; 
c=4 


COGS 


ice 
Pp 
Li; 
COA u’ Max 
U=w, | wwdu = | pwdu 
Min uw 
LM 
U = inf(v’), u(w’) = — sup(u(u)) 
ueé [Min, Max] 
RM 
U = sup(w’?), w(w’) = ~— sup(u()) 


ué [Min, Max] 


6. DEFAULT specifies either a value or the key word NC (No Change). It controls the output 
value after defuzzification in case no rule has fired. NC implies that the former output 
value is applied again. If omitted, NC is applied. 


7. AND can specify the algorithms shown in Table B-5. Notice that each AND algorithm has a 
related OR algorithm. Use these key words in pairs to fulfill de Morgan’s Law. 
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Table B-5. AND Algorithms 


Key Word Meaning Algorithm Related OR 
MIN Minimum Min(u (x), [L,(x)) MAX 
PROD Product LL (x) (x) ASUM 
BDIF Bounded difference Max(0, (x) + Hy(x) — 1) BSUM 
8. ORcan specify the algorithms shown in Table B-6. Notice that each OR algorithm has a 
related AND algorithm. Use these key words in pairs to fulfill de Morgan’s Law. 
Table B-6. OR Algorithms 
Key Word Meaning Algorithm Related AND 
MAX Maximum Max(1 (x), [L4(x)) MIN 
ASUM Algebraic sum [4 (x) + [y(x) = L(x) L(x) PROD 
BSUM Bounded sum Min(1, w(x) + M(x) BDIF 
9. ACT specifies the method for activation. The supported methods are shown in Table B-7. 
Table B-7. Activation Methods 
Key Word Meaning Algorithm 
MIN Minimum Min(t, (x), U(x) 
PROD Product L(x) L(x) 
10. ACCU specifies the method for accumulation. The supported methods are shown in 
Table B-8. 
Table B-8. Accumulation Methods 
Key Word Meaning Algorithm 
MAX Maximum Max(t1,(x), M5(x)) 
BSUM Bounded sum Min(1, 11, (x) + U(x) 
NSUM Normalized sum [1 (x) + L(x) 
Max(I, sup(,(@) + Hx) 
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A NOT operator can be used in front of a subcondition or variable. Functionality 
according to the algorithm 1 — W(x) 


Use the operator “<-” to export the values of internal variables from the control algorithm. 
The values can, for instance, be supervised on the operator display. 


About Rule Definition 


The following list contains some basic facts and rules for the engineer to consider when 
defining the rule blocks. It is assumed that the rules are built up using this pattern: 
IF condition THEN conclusion WITH weghtingfactor. 


The keyword IF is followed by the condition. It is possible to combine several 
subconditions in the same rule. The example shows one of many possible combinations: 
IF NOT subcondition! AND (subcondition2 OR subcondition3) THEN... 


The keyword THEN is followed by the conclusion. It is possible to split the conclusion 
into several subconclusions according to this pattern: 
... THEN subconclusion1, subconclusion2, subconclusion3; 


The keyword WITH is followed by the weghtingfactor. The weghtingfactor is a number 
with a value between 0 and 1. Each subconclusion can be assigned a unique 
weghtingfactor. Use a pattern like this example: 

... THEN subconclusion! WITH 0.5, subconclusion2 WITH my_rule2; 


The priority of operators are: ( ) parentheses, NOT, AND, OR. Parentheses have the 
highest priority. 


B-13 


Fuzzy Control with FUZZYCON Aadvant® Controller 400 Series User’s Guide 
Appendix B ABB Fuzzy Programming Language 


B-14 3BSE 012 693R0001 


Fuzzy Control with FUZZYCON Aadvant® Controller 400 Series User’s Guide 
Section C.1 General 


Appendix C AFPL Compiler 


C.1 General 


Usage: Insert options in the Compiler Setup window selected from the AS100-Edit File menu. 
Script files are an alternative way of controlling the compiler. For more 
information about compiler script files, see Section 3.3.1.3, Compile Using 
Script Files. 


Setup Fuzzy Compiler 


Command Line Options: 


[options] 


Input File(s): (%f means current File) 


input_file list 


Use Script File 


Script File: 


OK 


Figure C-1. Compiler Options Usage 


Arguments enclosed in square brackets ([ ]) are optional. It is possible to carry through a 
compilation without giving any command line options. The Input File(s), however, must be 
supplied. 


oe 99 


options is a list of one or more options. An option begins with a minus sign (“-’’) followed by an 
option character (for example, p) and sometimes by an option argument (for example, AC450). 
Neither the option character nor the option argument is case sensitive. Several options are 
separated by white space (“”’). The order of options is unimportant. 


input_file_list is a list of one or more input files containing AFPL source code, separated by 
white space. 
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C.2 Compiler Options 


C-2 


The compiler options are listed in alphabetical order below. 


NOTE 


All options have a default value or behavior which is applied if the option is not 
explicitly defined. 


-anum 


Controls the allocation of work space within FTC. Allowed input value 
interval is 2 < num < 65536 points. If the option is omitted, the compiler 
calculates the amount of space using a “worst case” algorithm. See Section 
3.1.3, Allocation of Work Space within FTC. 


-cecl ©2 cS c4 c5 ¢6 ©c7 c8 


-llogfile 


-ooutfile 


-ppassword 


-ttarget 


The eight call parameters C1..C8 of the FUZZYCON PC element. When 
specified, the call parameter values are checked by the compiler against those 
derived from the AFPL source code. An error message is given if they do not 
match. 


Displays on-line help about the command line usage plus the version of the 
compiler. All other options and input file(s) are ignored. 


Minimizes the size of the FTC file by excluding attachment of source code 
into FTC. 


Specifies a file name for a copy of the generated information written by the 
compiler if there is a successful compilation. The file name may include a full 
path. If no path is given, the current working directory is being used. If the 
option is omitted, information is only displayed in the output window. 


Specifies the file name the FTC is written to. The file name may include a full 
path. If no path is given, the current working directory is being used. If the 
option is omitted, the name FTC.ZT will be used. 


With this option FTC is protected with a password. When detaching source 
code and information from FTC, the correct password must be given. Any 
non-empty string up to 7 characters consisting of letters, digits, and “_” may 
be used as a password. The password string content is case sensitive. 


Causes the compiler to perform syntax checking only. No FIC file is 
generated. All options but —h are ignored. 


Specifies the target platform. Allowed values are AC410 and AC450. If the 
option is omitted, AC450 is assumed. 
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-zsize 
Tell the compiler to check the size of the FTC file against the number given in 
size. The value must be positive. Default is a size of 65535 bytes. 


C.3 Compiler Warnings and Errors 


Information about compiler detected warnings and errors are listed in the WEX-file window. If 
there are both errors and warnings, the errors are presented first in the list. 
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Appendix D Work Space Allocation 


D.1 Introduction 


The inference mechanism and defuzzification require work space when they operate on 
linguistic variables that are defined by terms that are functions. The size of this work space 
depends on a number of parameters, for example, activation and accumulation methods, number 
of terms, shape of terms, number of rules, defuzzification method, etc. This appendix describes 
a little about the reasons why problems may occur and how to overcome those problems. 


D.2 “Worst Case” Effects 
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The AFPL language supports having points for terms (membership functions) defined both with 
numerical literals and variables. The latter feature makes it impossible to know the shape of the 
terms at compile time. Unfortunately, the shape has great impact on the work space that is 
needed. During the first phase of inference, the shape of the terms is modified, and the number 
of term points of the resulting term depends strongly on the shape of the original term. In 
addition, this inference also implies accumulation, which means that the modified terms are 
accumulated. The shape of the resulting accumulated function can vary greatly, depending on 
the shape of the original terms. The only safe approach for the compiler is to always allocate 
space for the worst case, i.e., shapes of terms that generate the largest possible accumulated 
functions, i.e., work space. 


The worst case is practically never the true case, however, or even close to the true case. The 
reason for this is that in the worst case scenario, each term is defined with a shape that looks like 
a saw-blade, while normally terms have more regular shapes. The more non-regular the shapes, 
the more term points needed during inference. 


In tests, a fuzzy algorithm made use of at most 20 term points during inference. This algorithm 
had two input and one output linguistic variable, each defined with five terms. The shapes of 
those terms were triangular and trapezoidal. The algorithm used 25 rules and simulated an 
ordinary PI algorithm. The compiler, however, regards all term points as possible to change 
dynamically, and so internally creates the worst possible shapes of the terms. The result is that 
the largest accumulated function may require several hundred thousands points! There is, 
therefore, normally a wide difference between the normal and worst case scenarios. Section D.3, 
Guide Lines for Problem Solving provides hints for getting around a problem like this if it 
occurs. 
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D.3 Guide Lines for Problem Solving 


D-2 


The first approach to solving the problem is to consider whether or not it is necessary to use 
terms that are defined with functions instead of singletons. Singletons normally provide a 
number of advantages: 


° Singletons do not require work space 
° The run-time performance is (much) better 


° The border values are more easily understood. The location of the left most and right most 
terms define the border values that can be reached with the output value. When using 
function terms, the border values are normally located at the center of gravity points for 
the left most and right most terms. These points can be hard to find if the shapes of the 
terms are not symmetrical (though they often are). This disadvantage, however, depends 
on the defuzzification method applied. 


When using the “center of gravity” for a defuzzification method, another important point to 
remember is that a symmetrical term always has its center of gravity point in the middle. This 
means that it can be represented by a singleton term instead, because the singleton term also 
always has the center of gravity point at one and the same location. In most cases, the final 
output when using singletons instead of functions will be equivalent or a very close 
approximation. It depends on whether the terms are overlapping or not in the function case, and 
what operators are applied. 


As stated earlier, the compiler assumes that all term points are specified with variables, but this 
is seldom the case. Often there is a mix of constants and variables, where the variables are used 
for tuning purposes. Normally, however, the variables do not change the shape of the terms. For 
instance, a term can be specified with variables, but the values of the variables are chosen so 
that the shape of the term always stay triangular. The compiler can not predict this, but the 
engineer who provides the values, or implements the algorithm that provides them, knows that 
the shape stays triangular. With this knowledge, and insight about the inference mechanisms, it 
is possible to estimate how many term points the final accumulated function of an output 
linguistic value can get. This value is given to the compiler at compile time using compiler 
option -a. 


Another way to solve the problem when the compiler overestimates the size of the work space is 
simply “trial and error’. Estimate the size of the work space needed, i.e., the largest possible 
size of the accumulated function for the output linguistic variable, expressed in term points. 
Specify this value using option -a at compile time. Install the compiled control algorithm in the 
Advant Controller 400 Series controller and start the execution of the control algorithm. The 
PC element composes two output terminals that provide a base to verify whether or not the 
estimated size was too small. Those terminals are AMAX_USE and AMAX_DIM. The latter 
reflects the size of the allocated work space, and the former shows the size that been used since 
the very first execution of the control algorithm. To ensure output values with the highest 
possible accuracy, AMAX_USE must be less than AMAX_DIM. If the allocated work space is too 
small, the number of break points of the resulting accumulated function is limited to the actual 
available space. There is no risk of severe damage to the controller, but the highest possible 
accuracy of the output value may be lost. 


Finally, as a rule of thumb, 100 term points is considered a lot! 
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Appendix E Customize Standard FUZZYCON Application 


E.1 Considerations 


The standard parts delivered for building a FUZZYCON application, type circuit and operator 
display probably need to be adjusted. The engineer wants to design a technical solution to solve 
his specific control problem. For that purpose, the delivered standard parts serve as a starting 
point. The following section contains some practical advice on how to proceed. 


Remember that there are two parts to customizing. They are the runtime part, which consists of 
the type circuit PC program, and the operator interface, which consists of the displays. Revise 
the solutions given in the delivered standard parts in a way that will solve the specific control 
problem. If you intend to use the new technical solution many times, it may be convenient to 
create a new type circuit to instantiate. Otherwise integrate the solution in the actual application. 


E.2 Adjusting Runtime Function 


E.2.1 General 


Ensure that the standard type circuit source code has been properly installed. See Section 2.3, 
Type Circuit Installation for guidance. 


E.2.2 Work of Flow Changing Runtime Function 
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Use the AdvaBuild Application Builder tool and the Function Chart Builder tool. Open 
your own project. 


Create a basic PC program that contains an instance of the standard type circuit. Connect 
all input terminals. 


Generate Source code for the basic PC program. 
Clear the internal data representation by doing initialize. 
Backtranslate Source for both DB and PC. Select disintegrate TC’s when doing 


backtranslate of the PC program. 


NOTE 


If you have more PC programs, translate them the regular way without using 
“disintegrate”. This avoids other type circuits being influenced. 


The type circuit internal PC program is now available for further use. 
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E.3 Adjusting Operator Display 


E.3.1 General 


Make sure that the standard display files are installed in the right catalog, namely 
node:/products/data/customer/OS/display/. If there are installation problems, see Section 2.4, 
Process Display Installation for guidance. 


Use the AdvaBuild tool to maintain the changes to the displays. Using AdvaBuild is standard; 
anyone with basic knowledge about the tool can do the work. See AdvaBuild Application 
Builder User’s Guide for more information. 


E.3.2 Work of Flow Changing Operator Display 
° Start the AdvaBuild tool and open the existing standard display with the Display Builder. 
° Create the new display by saving the file using Save As to a new name. 


° Edit the display. Remember to change the names on all DAT, GENCON and AOC 
connections. If the display contains keys for direct change to another display, remember to 
adjust the Dynamic Function Keys attributes. 


° Use the Display Installer to add the new display to the project. 


° Repeat the above mentioned steps for all displays. 
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E.4 Example Building MIMO 2x2 Configuration 


The starting-point for this example is an application that is built up using a 3*3 combination of 
controlled and output variables. The runtime PC program, therefore, contains an instance of the 
delivered standard type circuit with three controlled variables and three output variables. 


E.4.1 Runtime Function 


The following list represents the primary work to be done to achieve the runtime portion of the 
new solution. 


° Make sure that the steps described in Section E.2.2, Work of Flow Changing Runtime 
Function have been carried out before starting the work. 


° Edit the PC program with the intention of removing all pc element connected to 
FUZZYCON’s disappearing terminals. i.e., the third controlled variable input and output 
terminals, and the third output variable input and output terminals. 


° Edit FUZZYCON’s call parameters. Change the number of controlled and output variables 
to two. (At this writing, it is possible to add grouped variables, if desired) 


° Make sure all PC elements concerning the old type circuit’s removed terminals are of the 
right size. 


° Generate source code for the new solution. 


E.4.2 Operator Display 


Follow the steps described in Section E.3.2, Work of Flow Changing Operator Display. 


See AdvaBuild Application Builder User’s Guide or the AdvaBuild tool On-line help for more 
information. 
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Appendix F Internal PC Program for Type Circuit FUZS1 


F.1 General 


This appendix shows a print-out of the internal PC program for FUZS1 standard type circuit, 
that is, the type circuit intended to build a runtime function for a SISO controller. 
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=GEN*1 :55/<NAME_CONC> : ORDERS 


T=<ERR_MV> 


T=<OSP> 


T=<OSPREF> 
=GEN*1:99/<NAME_CONC> :MANOUT——— 


=GEN*1 :109/<NAME_CONC> : OUTPH 
=GEN*1 :110/<NAME_CONC>: OUTPL 


=GEN*1: 
=GEN* 1 
=GEN* 1: 
=GEN*1: 
=GEN* 1: 
=GEN* 1: 
=GEN*1: 


9'7/ <NAME_CONC> : SETP 
:101/<NAME_CONC> 
102/<NAME_CONC> : 
103/<NAME_CONC? : 


104 /<NAME_CONC> 
107/<NAME_CONC> 
108 /<NAME_CONC> 


+41 


GENCON-O 
ORDERS RORD--5 

ORDMANE F-11 

ORDMAN = 12: 

ORDAUTOF-L> 

ORDEL 

ORDEZ 15 


C1 


13: 
*+9 
REG-G 
(R,7,0,0,7) 
s AERR-7 
L 
WR 
AWR 
RB 
I O50 
2MVH2) 12 
VAL 13 
HLL 14 
:MVL2) 15 
:SETP Et 16 
:SEIPL: 1} 


EXECUTION ORDER: *+1 *4+2 *4+3 *44 *45 446 447 448 449 


+44 


REG-G 
{R,3,0,0,3) 


P==GEN*1 :56/<NAMB_CONC> :RORD 


AERRI-? 


Of-50———<NAME_CONC>_DP_VALO-3 


<MAME_CONC>_E2-3 


<NAME_CONC>_BI-3 


<NAME_CONC>_AUTO-3 


<MAME_CONC>_MAN-3 


<MAME_CONC>_OP_VALC-3 


Controlled Variable and Output Variable, inputs 
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=DAT*1/<NAME_CONC>1 
T=<EN_CA_ON> 


=DAT*2/<NAME_CONC>2 
T=<EN_CA_FO> 


<NAME_CONC>_CA_ON-3 


G 

II 
Cy 

ie) 

aS 


*+21 *4+22 


(el oe 0 ae 1 
_———————_————————————— nd 1p 5 P==DAT*2 /<NAME_CONC>2 


<NAME_CONC>_CA_FO-3 
EXECUTION ORDER: *+20 *+21 *+22 


PC Element Status, inputs 
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FUZZYCON 
{5,0,0,1,5,0,0,1) 
=<PILE_REE > I ILE_REF)=sCA_RUN =<CA_RUN> 
2-<NAME_CONC>_CA_ON—_—_—_—_—_——A CON CA_AVA P==DAT*1:5/<NAME_CONC>1 : VALUE2 
=<CA_TSAMP>—_—_—S—S_—_—_—————————————————————————— 3} CA TSAMP CA_ER =<CA_AVAIL> 
2-<NAME_CONC>_ CAO mtn CA FORCE §=WARN P==DAT*1:6/<NAME_CONC>1 : VALUE3 
CBC Cnn 5 CA CHECK «=OF_DA =<CA_ERROR> 
SV LLL————Os INP1 FT 
SDD. INP2 AMAX_D. =<WARNING> 
SD INP3 AMAX_USE =<F_DATE> 
6 INP4 OU =<F_TIME> 
EO INP5 OU =<AMAX_DIM> 
OU =<AMAX_USE> 
OU =<OUTP1> 
OU =<OUTP2> 
=<QUTP3> 
=<MV> STATUSC1 =<OUTP4> 
FMV1 =<OUTP5> 
-<NAME_CONC>_AUTO =<STATUSC> 
-<NAME_CONC>_E1 4 
-<NAME_CONC>_E2! =<FMV> 
=<EXTREFL> P==GEN*1 :92/<NAME_CONC> :MV 
=<EXTREF2> =<WSP> 
-<NAME_CONC>_OP_VALC P==GEN*1 :94/<NAME_CONC>:SP 
=<HLDEV> 4 
=<LLDEV> =<FDEV> 
-<NAME_CO nn) aa STATUSOL ——————— =<STATUSO> 
ouT1 4 
=<OUT> 
P==GEN*1:95/<NAME_CONC>:0UT 
-<NAME_CONC>_OP_VALO 4 
=<SPEED> 


FUZZYCON 
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3-*: STATUSOL 


=GEN*1 :99/<NAME_CONC> :MANOUT 
3-* OUTIL 


G 


3-*: STATUSC1 


=GEN*1 /<NAME_CONC)--———- = 
1-*42:1 


=GEN*1:97/<NAME_CONC> : SETP—G 
3-* :WSP1 


EXECUTION ORDER: 


*410 *4+11 *+12 *+13 *+14 


*4+13 


GENCON-I 
DBINST 


STATUS 


P==GEN*1:99/<NAME_CONC> :MANOUT 


P==GEN*1:22/<NAME_CONC> : STATUS 


P==GEN*1:97/<NAME_CONC> : SETP 


Controlled Variable and Output Variable, outputs 
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338 CR ERROR 


oe :7/<NAME_CONC>1 : VALUE4 
<NAME_CONC>_CA_ERR 


D=0-1 2ie--_— oo. OOO T= <CO_NAME> 


LI 21 Pr at £8 /<AME,_CONC>1 VALUES 
<NAME_CONC>_OSP 


EXECUTION ORDER: *+23 *+24 *+25 


PC Element Status, outputs 
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Appendix G Internal PC Program for Type Circuit FUZM1 


G.1 General 


This appendix shows a print-out of the internal PC program for FUZM1 standard type circuit, 
that is, the type circuit intended to build a runtime function for a MIMO 3*3 controller. 
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*t] 


GENCON-O 


=GEN*1:55/<NAME_CVAR1L>: ORDERS -————-G-——1J ORDERS. = GEN* 1 56/<NAME_CVAR1>: RORD 


12 
13 1 oa 20 ————<NAME_CVAR1>_AUTO-8 


1 os 20 ——_<NAME_CVAR1>_E1-8 


1 os 20—————<NAME_CVAR1>_E2-8 


*+5 


PALL eee — | 20———————————————+®$essss>s>s>sS' NAMEE_ CVA >_ BAL- 8 
T=<ERR WL. OO 


REG-G 
{R, 7, 0,0,7) 


=GEN*1 :97/<NAME_CVARL>: SETP G <NAME_CVAR1>_OP_VALC-8 
=GEN*1 :101/<NAMB_CVAR1>:MVH2 G 
=GEN*1 :102/<NAMB_CVAR1>:MVH1 G 
=GEN*1 :103/<NAME_CVAR1>:MVL1 G 
=GEN*1 :104/<NAMB_CVAR1>:MVL2 G 


=GEN*1:107/<NAME_CVAR1> : SETPH——=G' 
=GEN*1:108/<NAME_CVAR1> :SETPL——=G' 


EXECUTION ORDER: *+1 *+2 *+3 *+4 *+5 *+6 


Controlled Variable 1, inputs 
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*+11 


GENCON-O 


=GEN*2:55/<NAME_CVAR2>: ORDERS G1 ORDERS. RORD RS = GEN * 2 2 56/<NAME_CVAR2>: RORD 
ORDMANF F-11 *412 
ORDMANF=12 
ORDAUTOF=13 1 lo S 20 <NAME_CVAR2>_AUTO-8 
ORDE1F-14 
ORDE2F=15 ala R 
12 
*+13 
1 oe Ss -20————— oo SNAME_CVAR2>_E1-8 
11 R 
12 
*4+14 
1 lo s -20——————“< NAME_CVAR2>_E2-8 
11 R 
12 
*415 


DB 2 a | 20 “ANE_CVAR2>_BAL-8 
DB RRM V2 


=GEN*2 :97/<NAME_CVAR2>: SETP G <NAME_CVAR2>_OP_VALC-8 
=GEN*2 :101/<NAMB_CVAR2>:MVH2 G 
=GEN*2 :102/<NAME_CVAR2>:MVH1 G 
=GEN*2 :103/<NAMB_CVAR2>:MVL1 G 
=GEN*2 :104/<NAMB_CVAR2>:MVL2 G 


=GEN*2:107/<NAME_CVAR2> : SETPH——=G 
=GEN*2 :108/<NAME_CVAR2> : SETPL————G' 


EXECUTION ORDER: *+11 *+12 *+13 *+14 *+15 *+16 


Controlled Variable 2, inputs 
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=GEN*3 :55/<NAME_CVAR3>:ORDERS——G' 


T=<BAL3> 
T=<ERR_MV3> 


=GEN*3:97/<NAME_CVAR3>: SETP G 
=GEN*3:101/<NAME_CVAR3> :MVH2 G 
=GEN*3:102/<NAME_CVAR3> :MVH1 G 
=GEN*3:103/<NAME_CVAR3> :MVL1 G 
=GEN*3:104/<NAME_CVAR3> :MVL2 G 


=GEN*3:107/<NAME_CVAR3> : SETPH—=G' 
=GEN*3:108/<NAME_CVAR3> : SETPL———=G' 


EXECUTION ORDER: 


*421 


GENCON-O 


‘1 ORDERS 5 
11 *422 
12 
13 1 lo S 20 
14 
15 11-JOR|R 
12 
e129: 
1 lo S 20 
11-J OR|R 
12 
*+24 
11-jOR|R 
12 
*425 
al 2.0 


*4+26 


REG-G 
{R, 7, 0,0,7) 


*+21 *4+22 *4+23 *4+24 *+25 *+26 


P==GEN*3 :56/<NAME_CVAR3>:RORD 


<NAME_CVAR3>_AUTO-8 


<NAME_CVAR3>_E1-8 


<NAME_CVAR3>_E2-8 


<NAME_CVAR3>_BAL-8 


<NAME_CVAR3>_OP_VALC-8 


Controlled Variable 3, inputs 
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*+49 
1 
=DAT*5 /<NAME_CONC>M@G ip 5 P==DAT*5 /<NAME_CONC>M 
<NAME_CONC>_ALL_MAN-4 5 6 
*+50 
1 
=DAT*4/<NAME_CONC>A—G ip 5 P==DAT*4/<NAME_CONC>A 
<NAME_CONC>_ALL_AUTO-4 5 6 
*431 


nh 


T=<0sPD>-————— ee 1 ORF-20 
=A0C*1:13/<NAME_OVARL>: ERR-————-G-—— 


T=<OSPREF1> 
=AOC*1/<NAME_OVARL> = 


<NAME_OVAR1>_OP_VALO-8 
=AOC*1 :45/<NAME_OVARL>:HI_LIM—=G 
=AOC*1 :46/<NAME_OVARL>:LO_LIM—=G 


*435 
1 
D=0-1-) 5 | <NAME_OVAR1>_E3-8 
=A0C*1:19/<NAME_OVARL>: MAN—=G' I 
| <NAME_OVAR1>_AUTO-8 

*+41 i 
1 & F20 I 
T=<EN MAND | | 


<NAME_OVAR1>_MAN-8 


EXECUTION ORDER: *+49 *+50 *+31 *+32 *+33 *4+35 *+36 *+38 *+39 *+40 *+41 *+42 *+43 *+44 


Output Variable 1, inputs 


3BSE 012 693R0001 G-5 


Fuzzy Control with FUZZYCON Aadvant® Controller 400 Series User’s Guide 
Appendix G Internal PC Program for Type Circuit FUZM1 


REG-G 
{R, 3, 0,0,3) 


T=<OSP2> 
=A0C*2:13/<NAME_OVAR2>: ERR-———G 


T=<OSPREF2> 
=AOC*2/<NAME_OVAR2>——=G 


<NAME_OVAR2>_OP_VALO-8 
=AOC*2:45/<NAME_OVAR2>:HI_LIM—=G 
=AOC*2 :46/<NAME_OVAR2>:LO_LIM—=G 


<NAME_OVAR2>_E3-8 


=A0C*2:19/<NAME_OVAR2>:MAN-———G 
4-<NAMB_CONC>_ALL_AUTO 


<NAME_OVAR2>_AUTO-8 


20-<NAME_OVAR2>_MAN-8 


& [20 
T=<EN_MAN2>—<—=—<———— 


4-<NAME_CONC>_ALL_MAN 


EXECUTION ORDER: *+51 *+52 *+53 *+55 *+56 *+58 *+59 *+60 *+61 *+62 *+63 *+64 


Output Variable 2, inputs 
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SO REG-G 
=AOC*3:13/<NAME_OVAR3>: ERR-———————G_— (R, 3, 0, 0,3) 


T=<OSPREF3> 
=A0C*3/<NAME_OVAR3>-———=G 


<NAME_OVAR3>_OP_VALO-8 
=AOC*3:45/<NAME_OVAR3>:HI_LIM—=G 
=AOC*3:46/<NAME_OVAR3>:LO_LIM———=G 


<NAME_OVAR3>_E3-8 


=A0C*3:19/<NAME_OVAR3>:MAN——G 
4-<NAME_CONC>_ALL_AUTO 


<NAME_OVAR3>_AUTO-8 


*4+84 


T=<EN_MAN3> qe |s 20—=<NAME_OVAR3>_MAN-8 


4-<NAME_CONC>_ALL_MAN 


EXECUTION ORDER: *+71 *+72 *+73 *+75 *+76 *+78 *+79 *+80 *+81 *+82 *+83 *+84 


Output Variable 3, inputs 
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=DAT*1 /<NAME_CONC>| =I « 20 
T=<EN_CA_O—_—— 


*4+92 *4+93 


=DAT #2 /<NAME_CONC>2—_—_—_£ <_< i — 1 
T=<EN_CA_20>—_—_— ip —{-——_ 


EXECUTION ORDER: *+91 *+92 *+93 


P. 


G-8 


<MNAME_CONC>_CA_ON-8 


=DAT*2 /<NAME_CONC>2 
<NAME_CONC>_CA_FO-8 


'C Element Status, inputs 
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T=<PILE_REP> 
7-<NAME_CONC>_CA_ON 
T=<CA_TSAMP> 
‘]-<MAME_CONC>_CA_#0 
T=<CA_CHECK> 
T=<INP 1> 

T=<INP2> 

T=<INP 3> 

T=<INPA> 

T=<INP5> 


T=<Mvi> 

1 -<NAME_CVAR1>_BAL 

1 -<NAME_CVAR1>_AUTO 
1-<NAME_CVARL>_BL 

1 -<NAME_CVAR1>_E2 
T=<EXTREFL1> 
T=<EXTREF21> 
1-<MAME_CVAR1>_OP_VALC 
T=<HEDEVI> 

T=<LEDEVI> 


T=<MVv2> 
2-<NAMB_CVAR2>_BALi 
2-<NAME_CVAR2>_AUTO 
2-<NAME_CVAR2>_B1 
2-<NAME_CVAR2>_B2 
T=<EXTREPL2> 
T=<EXTREF22> 
2-<NAME_CVAR2>_0P_VALC 
T=<HLDEV2> 

T=<LLDEV2> 


T=<Mv3> 
3-<NAME_CVAR3>_BAL 
3-<NAME_CVAR3>_AUTO 
3-<NAME_CVAR3>_E1 
3-<NAME_CVAR3>_E2) 
T=<EXTREF13> 
T=<EXTREF23> 
3-<NAME_CVAR3>_OP_VALC 
T=<HLDEV3> 

T=<LLDEV3> 


4-<NAME_OVAR1>_MAN? 
4-<NAME_OVAR1>_AUTO 
4-<NAME_OVAR1>_£3 


A-<NAME_OVAR1>_OP_VALO 
T=<EN_HI1> 
T=<EN_LO1» 
T=<SPRED1> 


5-<NAMB_OVAR2>_MAN? 
5-<NAME_OVAR2>_AUTO 
5-<NAME_OVAR2>_B3 


5-<NAME_OVAR2>_OP_VALO! 
T=<EM_HI2> 
T=<EM_102> 
T=<SPEED2> 


6-<NAME_OVAR3>_MAN 
6-<NAME_OVAR3>_AUTO' 
6-<NAME_OVAR3>_E3} 


6-<NAMP_OVAR3>_0P_VALO 
T=<EN_HI3> 
T=<EN_LO3» 
T=<SPEED3™ 


FUZEYCOM 
(5, 0,0, 3,5, 0,9, 3) 
FILE_REF  CA_RUN T=<CA_RUN> 


CA_ON CA_AVAIL eee :5/<NAME_CONC>1:VALUE2 
CA_TSAMP CA_BRROR perc nace 
CA_FORCE WARNING P-=DAT*1:6/<NAME_CONC>1:VALUE3 


CA_CHECK I T=<CA_ERROR> 

INPL i 13 

INP2 ! T=<WARNING> 

INP3 ek 13 

INP T=<F_DATE> 

INPS T=<F_TIME> 
T=<AMAX_DIM> 
T=<AMAX_USE> 
T=<OUTP1> 
T=<OQUTP2> 

f T=<OQUTP3> 
T=<OUTP4> 
T=<OUTP5> 
T=<STATUSCI> 
9 

EXTREF11 T=<FMVL> 

EXTREF21 P=GEN*1 :92/<NAME_CVARL>:MV 

OP_VALC1 T=<WSP 1L> 

ALDEVL P==GEN*1 :94/<NAME_CVARL>:SP 
9 
T=<FDEV1> 


T=<STATUSC2> 


| et 
— J 
P==GEN*2 :92/<NAME_CVAR2>:MV 


T=<WSP2> 
EXTREF12 P=GEN*2 :94/<NAME_CVARZ>:SP 
EXTREF22 10 
OP_VALC2 T=<FDEV2> 


T=<STATUSC3> 


[ES es 
— _ rors : 
P==GEN*3:92/<NAMB_CVAR3>:MV 


T=<WSP3> 
EXTREF 13 P==GEN*3:94/<NAME_CVAR3>:SP 
EXTREF23 LL 
OP_VALC3 T=<FDEV3> 


HLDEV3 


MANL STATUSOL T=<STATUSO1> 


—— 
— -__ ror 
EXTREF31 P==A0C*1 /<NAME_OVAR1> 


OP_VALOL 
EN_HIL 
EN_LOL 
SPEEDL 


MAN2 STATUSO2 T=<STATUSO2> 


rs 

= eo 

EXTREP32 P==A0C*2/<NAME_OVAR2> 
OP_VALO2 


EN_HI2 
EN_LOZ 


MANS STATUSO3 


——————s 
-__—————— ax 
EXTREF33 P==A0C*3/<NAME_OVAR3> 


OP_VALO3 
EN_HI3 
EN_103 
SPEED3 


T=<STATUSO3> 


FUZZYCON 
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P==GEN* 1 :22/<NAME_CVAR1>:STATUS 


8-*: STATUSCL 


=GEN* 1 /<NAME_CVARL> 
1-*4+5:2 


=GEN*1 :97/<NAME_CVARI>: SETP 
8-* :WSP1 


G P==GEN*1:97/<NAME_CVAR1>:SETP 


EXECUTION ORDER: *+7 *+8 *+9 


Controlled Variable 1, outputs 
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8-* : STATUSC2 


=GEN*2 /<NAME_CVAR2> 
2-*415:2 


=GEN*2:97/<NAME_CVAR2>: SETP 


8-* :WSP2 


*+17 
*+18 


CONV-IB 
(I, 4, 16) GENCON-I 
DBINST STATUS 


BAL 
MANF 
MAN 
AUTO 


EXECUTION ORDER: *+17 *+18 *+19 


P==GEN*2 :22/<NAME_CVAR2>:STATUS 


P==GEN*2 :97/<NAME_CVAR2>:SETP 


Controlled Variable 2, outputs 
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P==GEN*3 :22/<NAME_CVAR3>:STATUS 


8-*: STATUSC3! 


=GEN*3/<NAME_CVAR3>———=G 
3-*425:2 


=GEN*3:97/<NAME_CVAR3>: SETP 
8-* :WSP3 


oo .. 00——ew————e_—e=———— P==GEN*3 :97/<NAME_CVAR3>:SETP 


EXECUTION ORDER: *+27 *+28 *+29 


Controlled Variable 3, outputs 
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*445 

CONV-IB 

(1,4, 16) 

S ERRF-5 

L  SIGNF-6 
R ZERO? 
8-*; STATUSOL I Ole Ll P==A0C*1:19/<NAME_OVARL>:MAN 

O2F- 12 Feo anat_enc>g 
O3R 13 <NAME_OVAR1>_IN_MAN 
ode i4 
e515 
C616 


O71 ——— a a a ye :33/<NAMB_OVARL>:EN_HI 
OB 18 <MAME_OVAR1>_EN_HI 


ool oe :34/<NAME_OVARL>:EN_LO 
10-20 <NAME_OVAR1>_EN_LO 


*465 


CONV-IB 
(1,4, 16) 
s ERR[-3 
L SIGNF-6 
R = ZEROF-7 


I OlP ll P==A0C*2:19/<NAME_OVAR2>:MAN 
0212 D==DAT*3:5/<NAME_CONC>O : VALUEZ 
O3r13 <NAME_OVAR2>_IN_MAN 


07 cD A :33/<NAMB_OVAR2> :EN_HI 
o8-18 <NAME_OVAR2>_EN_HI 


O9r lL 7 :34/<NAMB_OVAR2>:EN_LO 
010-20 <NAME_OVAR2>_EN_LO 


8-*: STATUSO2) 


*485 


CONV-IB 
(1,4, 16} 
s ERR[-5 
L SIGNI-6 
R ZERO"? 


T OL 11 P==A0C*3:19/<NAMB_OVAR3> :MAN 
0212 P==DAT*3: 6/<NAMB_CONC>O : VALUES 
03-13 <MAME_OVAR3>_IN_MAN 


OTe L ef = ———_ :33/<NAME_OVAR3>:EN_HI 
Os 1s <NAME_OVAR3>_EN_HI 


Osr lL eS :34/<NAMB_OVAR3>:EN_LO 
010-20 <NAME_OVAR3>_EN_LO 


8-* : STATUSO3 


EXECULION ORDER? 14900382 Output Variable 1,2 and 3, outputs 
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8-*:CA_ERROR 


8-* : WARNING: 


4-*431:1 
p= *+9l1 
6-*+7 1:1 


G-14 


EXECUTION ORDER: 


*494 *4+95 *496 *+97 


#497 


1 20' 


—— fe :7/<NAME_CONC>1 : VALUEA 
<NAME_CONC>_CA_ERR 


ee GS :8/<NAME_CONC>1 : VALUES 
<NAME_CONC>_ONE_BAL 


2 :9/<NAME_CONC>1 : VALUE6 
<NAME_CONC>_ALL_IN_A 


T=<CO_NAME> 


=. :10/<NAME_CONC>1:VALUE7 
<NAME_CONC>_ONE_OSP 


PC Element Status, outputs 
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